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I. INTRODUCTION! 


It was recognized at the very outset of these experiments on 
coal, which were begun in the Laboratory of Industrial Chemistry, 
University of Illinois, about the year 1897, that much value would 
attach to any device or method which would make it possible to 
study the properties, composition, heat values, etc., of the pure 
coal substance as distinct from the non-coal material with which 
it is associated. While much data of a general nature accumu- 
jated from year to year, having more or less bearing upon this 
subject, it was not until recent months that a definite study of the 
problem was undertaken. It is the purpose of this paper to pre- 
sent the results of these investigations upon the properties and 
more definite determination of actual or unit coal. By unit coal 
is meant the organic material which is involved in combustion as 
apart from the mineral constituents which are the extraneous and 
variable accompaniments of the actual or unit coal. 


II. HuiIsToricaAL REVIEw 


A number of investigators have worked on various phases of 
this topic. Lord and Haas, who were no doubt the first in the 
field, have developed the idea that in any given type of coal, or 
perhaps, less broadly, in any given deposit of coal, there exists an 
initial substance, with certain uniformities as to calorific value, 
which might make it possible to calculate the heat units for any 
sample whose source as to locality was known. 

From numerous analyses of Pennsylvania and Ohio coals, 
Lord and Haas draw a comparison between the heat values as de- 
rived by Du Long’s formula, the Mahler calorimeter, and those ¢al- 
culated from unit value which they designate as H, and describe 
as being the value for the ash, water and sulphur-free substance. 
They find the sulphur to be a disturbing element and correct for it 
in a partial manner only. However, they state as their conclusion 
that “On comparing the results, seam by seam, it would appear 


*Credit is due Mr. W. F. Wheeler for the greater part of the work em- 
bodied in this bulletin. Mr. Wheeler died November 18, 1909. 
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that the actual coal of a given seam, at least over considerable 
areas, may be regarded as essentially of uniform heating value.”?! 

The expression “actual coal” presumably refers to this same 
initial or unit substance free from extraneous matter, such as 
ash, moisture and sulphur. The same idea is evidently intended 
in the quotation below, though the same qualification as to “act- 
ual coal” is not used, thus, “The results of our tests seem to indi- 
cate the interesting conclusion that the character of a coal seam, 
so far as its fuel value is concerned, is a nearly constant quantity 
over considerable areas. The determination of the value ‘for 
Seams would be of great use, as the rapid proximate analysis, or, 
for that matter, merely the determination of ash and moisture 
in low sulphur coals, would be sufficient to grade coals of the 
Same vein. Of course, it is dangerous to argue from so few 
samples, but the proposition seems reasonable. At least, we hope 
that further work may confirm these conclusions.” 

Kent, in discussing this paper, in the same volume, page 946, 
says, “The conclusions of the authors that the ‘actual’ coal (mois- 
ture and ash excluded) of a given seam over considerable areas, 
may be regarded as of uniform heating value, is one of great prac- 


tical importance. I have held the same opinion tentatively for a 


lone aimee...” 


Contemporaneous with the work of Lord and Haas was that 
of W. A. Noyes.2. As a result of 21 calorimetric determinations 
on Indiana and Pittsburgh bituminous coals, he says, “The 
heating effect may be found, in all cases examined, with a maxi- 
mum error of 2 per cent, by the following rule: Subtract from 100 
the per cents of moisture, ash, and one half the per cent of sul- 
phur, and multiply the remainder by 80.7. The product will be 
the heating effect of the coal burned to vapor of water, expressed 
in calories.” 

Whatever value may have attached to these propositions, the 
matter seems to have lain more or less dormant until the subject 


1Trans. Am. Inst. Min. Eng. 27; 259, 1898. 
2Jour. Amer. Chem. Soc. 20; 285, 1898. 
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was brought again to the surface by Mr. A. Bement, who has in 
numerous articles insisted upon its great practical value, as, for 
example, referring to the advantage of having certain units of 
reference, he says, “The possibility of the more extended use of 
constants is presented and the author urges the feasibility of con- 
sidering the pure coal compositions as constants for a coal seam 
or particular locality of such seams. This possibility has been 
suggested, principally by the fact that the heating power of the 
pure coal from a general locality does not vary over greater limits 
than that of the calorimetric method, and he has been able to 
employ it as a constant in calculating the heating power of dry 
and moist coal, having determined only moisture and ash, and 
obtained results that check with calorimetric determinations made 
on the same samples. The author, however, does not claim orig- 
inality in this observation, but does insist that the use of such 
constants is of advantage....This view concedes that coal from a 
certain locality or seam does not vary in quality, but that the 
variation is due to the presence of ash and moisture which are 
impurities associated with the coal.’ 

In a subsequent paper,? he argues for the same constancy 
of values when referred to the pure coal basis. These considera- 
tions have, no doubt, led Mr. Bement and others to adopt the 
term “pure coal” as expressive of this idea of constancy in the 
“ash and water-free” substance, in addition to the fact of its be- 
ing a more compact and convenient term to use. 

In all of these discussions relating to the uniformity of val- 
ues for the actual coal, it is evident that if there are any con- 
stituents that fail of recognition to the extent that they are not 
included among the factors for mineral or non-coal material, but 
on the contrary, are included in the actual coal substance, then 
the question arises as to whether we yet have a fair basis of ref- 
erence for drawing conclusions as to the constancy or the degree 


of agreement which we may properly credit to the actual coal 
constituent. 


‘Jour. Am. Chem. Soc. 28; 636. 
*Jour. Western Society of Engineers 11; 757. 
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For example, the coals of the Mississippi Valley may have 

as high as 4 or even 8 per cent of sulphur. Indeed, variations of 1 
to 3 per cent may be possible within the product from the same 
mine, especially where the washing of the coal is in vogue. Now 
if this variable is counted as part of the “actual coal,” it by so 
much prohibits any uniformity of heat values being credited to 
this hypothetical substance we call “unit coal.” This phase of 
the subject was touched upon in the discussion! accompanying 
the paper by Mr. Bement already mentioned. It was there urged 
that not only the sulphur, but certain volatile constituents were 
present which escaped determination as part of the ash, and were, 
therefore, included in the actual coal, thus introducing a variable 
which prevented accurate study of that substance. Shortly after- 
ward, analytical evidence in support of this idea was developed 
by Mr. Wheeler,? and the results of his investigation were pub- 
lished in 1908. The essential point developed in that work was 
the evidence of the existence of a non-coal constituent which by 
the ordinary methods of analysis not only escapes recognition and 
measurement, but is counted as part of the true coal substance. 
This is the water of hydration or other volatile matter chemi- 
cally combined with the mineral or ash substance in such a man- 
ner as to be driven off only at a red heat. For example, if the shale 
content of the ash has 8 per cent combined water, and the same is 
not counted with the ash but as part of the “volatile combustible,” 
here is a variable which by so far keeps us from coming at the 
correct value for the actual or unit coal. Similar variables would 
accompany the presence of gypsum whose water of crystalliza- 
_tion in the process of analysis would take its place as part of the 
pure coal substance. Calcium carbonate also would afford a 
similar variable in so far as it would lose carbon dioxide in the 
process of analysis. It should be noted here that Taylor and — 
Brinsmaid have proposed a graphical method for arriving at 
unit coal values which, though empirical and consequently indi- 


1Parr; Jour. Western Society of Engineers 11; p. 762, 1906. 
2Trans. Am. Inst. Min. Engs., Vol. 38, p. 621, 1908. 
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rect in character, is very ingeniously devised and no doubt is of 
much practical value.’ 


III. ExPERIMENTAL DATA 


It is the purpose of this paper to present the results of our 
own investigations, together with such applications as the data 
at hand will permit, in the hope that the facts presented may in- 
dicate the possibility of arriving directly at the determination of 
all of the non-coal or mineral constituents, including those more 
volatile mineral compounds which have heretofore been associat- 
ed in analytical processes with the fuel. The fact should be es- 
pecially emphasized that it has been the purpose of the investi- 
gation to arrive, first, at an exact determination of the inorganic 
component of the coal as distinct from the organic material, and, 
second, to study the constancy of composition of this organic sub- 
stance as indicated by its heat content. Only in this manner can 
we arrive at a conclusion as to whether or not it has properties 
which will warrant its use as a fuel unit. Manifestly, therefore, 
the sulphur should be excluded from this unit. In go far as sul- 
phur occurs in the form of iron pyrites, and this includes the ma- 
jor part, it is extraneous in character and bears no constant ratio 
to the amount of organic matter present. 

For the purpose of illustrating by specific instances the ef- 
fect of including such variable constituents as sulphur, etc., in 
the combustible matter, instead of in the ash, and so allowing 
them to augment falsely the actual coal substance, the following 
experimental procedure was followed: . 

A given sample of the coal was separated into two divisions 
of high and low ash content in a solution of zine sulphate of 1.35 
specific gravity, whereby that part of the coal with low ash and 
less pyrites was separated by floating from the heavier particles 
with higher ash and more sulphur, the latter sinking to the bot- 
tom. Now, upon the hypothesis that the “actual coal” in these 


*Jour. Ind. and Engrg. Chem. Vol, 1, Feb. 1909.. 
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two divisions of the same sample should haye the same heat val- 
ue, the subjoined table is arranged to show what widely divergent 
values may be indicated by reason of different methods of ar- 
riving at the “actual coal” constituent. If everything excepting 
the ash as weighed and the moisture be credited to this material, 
there will result unit values, as shown under column (a) of the 
subjoined Table 1, which is the “pure coal” of Mr. Bement. If 
we take out the heat due to sulphur, and correct the remaining 
value for ash as determined, plus moisture, plus all of the sul- 
phur, there will result values as shown in column (0b), which 
would be the results as derived by means of the method of Lord 
and Haas. If we calculate the indicated values to the material 
as free from ash and moisture and correct also for one-half of 
the sulphur, there will result values, as shown under column (c), 
which would conform to the method as suggested by Dr. Noyes. 

In column (d) we have results from the method of calcu- 
lation which subtracts the heat due to the sulphur, corrects the 
ash for the sulphur, and also adds a uniform amount for hydra- 
tion or volatile inorganic matter, amounting to 8 per cent calcu- 
lated upon the corrected ash free from iron pyrites, assuming all 
of the sulphur to be in that form. A tabular statement, therefore, 
for these four different methods of calculation would be as fol- 
lows: 
(a) According to Bement 

B. t. u. as indicated 
1.00 — (Moisture+Ash as weighed) 
(6) According to Lord and Haas 
B. t. u. — 40508 
1.00 — (Moisture+Ash as weighed-++Sulphur ) 

(c) According to Noyes 


B. t. u. as indicated 
1.00 — (Moisture + Ash as weighed -+ 1/2 Sulphur) 
(d) According to Parr and Wheeler 
B. t. u. — 50008 
1.00 — [ Moisture ++ Ash + 5/8S + .08 (Ash — 10/88) }: 
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The method of deriving a formula embodying the conditions 
prescribed under (d) would be as follows: 

First, with reference to the subtraction of the heat due to the 
Sulphur. It should be borne in mind that the purposes of this 
study are (1), to arrive at the actual weight of unit coal as rep- 
resented by the expression 1.00 — (all non-coal constituents), and 
(2) to derive the actual heat per unit weight to be credited to this 
material, by dividing the indicated heat for this substance by 
the weight which produces it. Hence, for this particular pur- 
pose, the sulphur must be eliminated, both as to its heat value and 
as to its weight in the material whose value is sought for. This 
procedure may not suit the purpose of the engineer who has in 
mind only the available heat without reference to its source, but 
that is a matter quite apart from the facts which it is the pur- 
pose of this discussion to establish. 

Second, the expression 5000S has been used as indicating 
the heat due to the combustion of the sulphur, for the reason that 
the value 40508, as used in formula (0b) represents the heat of 
combustion for pure sulphur, while the heat of combustion of 
sulphur in the form of pyrites, FeS,, combines also the heat of 
formation of iron oxide, Fe,O;. It is the resultant value, there- 
fore, of the several reactions involved that is desired. 

According to the direct tests by Somermeier,’ in the combus- 
tion of coal with known weight of iron pyrites, the indicated heat 
per gram of sulphur so combined is 4957 calories. In calculating 
heat values, the correction introduced for the combinations 
resulting from calorimeter reactions as compared with open-air 
combustion is 2042 calories per gram of pyritic sulphur; hence 
4957 — 2042 or 2915 calories (5247 B. t. u.) represents the heat 
due to the burning of one gram of sulphur in pyritic form in- 
stead of 2250 calories (4050 B. t. u.), the amount which would 
be credited to sulphur in the free condition. A strict application 
of these values, therefore, would call for a correction of 5247 S, 
as representing the heat to be subtracted for the sulphur. This, 


1Jour. Am. Chem. Soc. Vol. 26, p. 566. 
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however, would imply that all of the sulphur is in the pyritic 
form. Since a certain portion of the sulphur is always present 
in organic or other form of less heat-producing capacity, it is 
deemed more nearly correet to use an even factor of 5000 as rep- 
resenting the heat to be credited to unit amounts of the total sul- 
phur present. 


The factors for the divisor in the formula under (d) are de- 
rived as follows: 


The atomic ratio of iron to sulphur in iron pyrites (FeS,) is 
56 :64; that is, 7/8 of the total sulphur is the equivalent of the 
iron present as Fe. 


The atomic ratio of the oxygen of the ash, combined as Fe,O; 
to the total sulphur which it replaces is 48:128; that is, 3/8 of 
the total sulphur is the equivalent of the oxygen present in the 
ash, combined as Fe,O;, hence the ash as weighed may be cor- 
rected for the iron pyrites FeS, burned to Fe,0O,, by subtract- 
ing from the ash 10/8 of the weight of the sulphur as determined. 
This remainder, therefore, is considered as the shaley and carbon- 
ate constituent upon which the 8 per cent of water of hydration, 
carbon dioxide, etc., are calculated. The expression for the total 
non-coal substance then becomes 


Non-coal = Moisture + Ash as weighed + 5/8S + .08 (Ash 
— 10/88). 

Clearing of fractions and combining, 

Non-coal = Moisture + 1.08 Ash + 21/40 S. 

In this expression the factor 21/40S can not be further 
simplified by making it 1/28, for the reason that our correction 
for sulphur is already too small by that part of the organic sul- 
phur not covered by the addition to the ash value of 3/8 of the 
total sulphur indicated in the original formula. On the con- 
trary, we shall be approaching nearer the truth by increasing 
slightly the sulphur correction, which may be done with conven- 


ience in calculating, by making this factor read 22/408 or 1/28 
+ 1/208. 
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Hence the simplification of the entire formula under (d) 
would be 


B. t. u. or unit coal = 


Indicated B. t. u. — 50008 
1.00 — (Moisture + 1.08 Ash + 1/2 S + 1/20 8) 
Since the analytical values given in the table are based upon 
the coal as oven-dry, of course, the moisture factors in the above 
formula drop out, and would not enter into the calculations. In 
the table, for example, sample 1 has an indicated B. t. u. for the 


dry coal of 12356. The calculations, therefore, for each column 
are 


12356 

a) = ——_— Ono ut G0 soe O: OlONO React Pa out Gr kok ono. Chicn c) 7 

(a, 1.006 —- .1166 13 987 
12356 — 4050 (.0599) 

b a ne ailie) (ite? ‘ol ted’ site! eo) Orel tole anteyre! (oie 

ere 100 (1166 + .0599) 14 709 

eae 12356 a 
1.00 — (.1166 fe 0299) ES, BC ee ER ORT ey OLCROR OLS, CCRC O'S 47 

D) = 
(d) 12356 — 5000 (.0599) ot Ae on 


~ 1.00 — [1.08(.1166) + .02995 + .00299] 


From an examination of this table it seems evident that the 
values in columns (a), (b), and (c) vary for each pair of samples 
more widely than we should expect, provided our calculation in 
these cases is based upon the actual coal; the variation, for ex- 
ample, reaching nearly 21/2 per cent in No. 9. That a hydration 
component is the disturbing factor seems evident from the wide 
variation in the ash of the two divisions of this sample (22.17 per 
cent to 4.22 per cent), while the sulphur values are sufficiently 
close to eliminate any variable due to that element. In column 
(d), however, it is to be noted that the introduction of an amount 
of hydration equal to 8 per cent of the pyrite-free ash brings the 
two heat values to a variation of only 41 B. t. u. or less than 1/3 
of 1 per cent. The component calling for this correction, therefore, 
seems to be directly associated with the ash, since the variation 
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in sulphur is too small to enter into the account. Equally strik- 
ing evidence of the presence of such a component is seen in the 
samples numbered 7, 10, 11, and 12. Sample 8 is essentially the 
same as 7, and while there is not so close an agreement in this 
sample, still it must be recognized.as confirmatory of the general 
proposition. If, for example, we admit a manipulation variant 
of 40 or 50 units, it is hardly to be expected that the other vari- 
ables, such as the true amount of hydration or the exact char- 
acter of the same, whether hydration of shale or carbonating of 
lime, may not carry with it an equal variable, so that in the pres- 
ent stage of our knowledge, it seems fair to consider even this 
variation quite within reasonable limits. 

Another phase of these results is also to be noted. The 
agreement as to results just given above is seen to depend in 
large measure upon the correction of the high ashes in those 
samples referred to, by addition of a component which we have 
designated as hydration. Fortunately, the list of samples also 
includes coals high in sulphur, and this affords the necessary 
condition to show whether or not the sulphur enters into the 
proposition as a variable, and also what method of correction 
will most nearly neutralize its effect. Here, again, the close 
agreement, aS in samples 1, 2, 4, 5, and 6, indicates that the 
method employed is correct in principle; that is, the heat value 
of the sulphur, taken as 5000 times the sulphur content, is sub- 
tracted from the indicated heat units, and the ash is restored as 
nearly as is conveniently possible, to include the sulphur as joined 
to the iron in its original or pyritic form. It is realized, as al- 
ready indicated, that an error is inherent in this procedure, if 
that part of the sulphur is present as organically combined. Strict- 
ly considered, therefore, it should not be reckoned as pyritic sul- 
phur. Test has been made, however, of introducing a further 
refinement into the calculation by separating the sulphur into 
the organic part and the inorganic, the amount of the latter be- 
ing indicated by the content of iron present in the ash. The 
iron pyrites thus calculated, Table 2, on this iron basis has been 
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made a part of the original non-coal substance. The 8 per cent 
of hydration, etc., has then been calculated to the ash as correct- 
ed for this amount of pyrites burned to oxide, and finally the 
organic sulphur has been added as a part of the non-coal matter. 
The indicated heat units were diminished by the total heat to be 
credited to the sulphur, taking account of its two forms as indi- 
cated in the formula for column (e), thus 


(OC 


B. t. u. —[5247 8/7 Fe + 4050 « (S— 8/7 Fe) ] Ss 
1.00— [Moisture+ Ash+ 5/7 Fe + .08 (Ash —10/7 Fe) +(S— 7/8 Fe] 


In this formula, the iron weighed as Fe,O, has a ratio of oxygen 
to iron of 48 : 112 or 3/7. To restore it to an equivalent of FeS, 
which has a ratio of S (64) to Fe (56) or 8 :7 would require the 
addition to the ash content of 5/7 of the iron as determined. 
Similarly 8/7 of the iron value represents the sulphur as origi- 
nally joined to the iron in the pyritic form, and 10/7 of the iron 
represents the Fe,O, as a component part of the ash as weighed. 

Since the analytical values refer to the coal on the dry basis, 
the factor for moisture drops out of the formula. The results 
of this method of calculating are given for the first six samples in 
column (é€) of Table 2, placed in comparison with column (d) 
repeated from the previous table. As may be readily seen, the 
relative values are in substantially the same agreement as be- 
fore. This method involves the added requirement of an iron de- 
termination and does not altogether remove the uncertainty as to 
the form in which the combinations of sulphur occur. In the 
present state of our knowledge, as well as on the score of practica- 
bility, we seem to be justified in accepting the values and form- 
ula as given in column (dq). 

The arguments thus far brought forward to prove the cor- 
rectness of the method for arriving at the real weight of non-coal 
substance are sufficiently conclusive for the twelve samples in- 
cluded in the table. How generally applicable this method will 
be for all types and all regions, remains for the subsequent part 
of this paper to discuss. 
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As a possible source of variation, the different layers of the 
same Seam were studied with a view to determining inherent vari- 
ations in the stratification of the coal, which, by variations in 
sampling or mining, might enter into the case and to a certain 
extent, modify the fact of uniformity. Three mines were, there- 
fore, sampled with reference to the top, middle, and bottom layers 
of coal, or with reference to certain zones or bands of coal that 
seemed to have a structure more or less characteristic and dis- 
tinct from the other layers. These results are listed in the fol- 
lowing table, the basis of comparison being the thermal units 
calculated to “unit coal,’ which in subsequent discussion, as al- 
ready indicated, will be the term made use of in this paper for 
that coal free from ash, moisture, pyrites, and volatile inorganic 
matter, as calculated under column (d) in Tables 1 and 2. 


Attention is called to the following points. In the Collins- 
ville sample, the bands of division were approximately the upper 
2 feet, the lower 2 feet, and the middle zone of about 4 feet. When 
referred to the “unit coal” basis, the upper and middle divisions 
are in close agreement. The lower layer is considerably higher. 
This fact would have a modifying influence on the entire face of 
the seam as is illustrated in No. 4, which is a calculated composite 
value based on the factors for samples No. 1, 2 and 3. No. 5 and 
6 are samples taken from the entire face of the seam, and taken 
from a mine located not over 2 or 3 miles from the mine from 
which the first samples by layers were taken. It is evident that 
the values indicated for the separate layers are not variable to 
an extent which would noticeably change the ultimate value for 
the entire face. Moreover, in the process of mining, the output 
represents the face of the vein and not the various layers. How- 
ever, the facts brought out in this comparison of the various 
strata are valuable as indicating certain variations in composi- 
tion of the same seam which might result from changes in the 
relative thickness of certain bands. In the same region, or in 
the same vein, these possible variations due to this phase of the 
matter would seem to be practically negligible when we consider 
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the regular output of the mine, since a mixture of the entire seam 
is inevitable, and these small variations of the layers would be 
very easily neutralized. 

The same statement is applicable to the results as shown for 
the two additional sections similarly examined from Belleville 


TABLE 3 


VARIATIONS IN THE CALORIFIC VALUE OF THE ‘‘UNiIT CoAL”’ FOR DIFFERENT Hori- 
ZONTAL LAYERS OF THE SEAM 


OVEN-DRY COAL Non-coal as 
Tab.) No. DESCRIPTION OF SAMPLE Sul 22/40 S. Ref. to 
No. Ash Sa) Bait su aS. eeu ee 
phur 5000S. 
COLLINSVILLE, ILLINOIS 
1 ALICe DOP 2 Sclin tae o Oep ree atte Nope egs 6.14) 4.44 | 13505 14606 
DE 12 Soe viselcller4 Caine. eee er reeeea 122024) 3a S845 Aj2ons 14634 
3 UDO} || (XSW UOMA, BO Wiles hon coo oo nook oO AS Onda 2207 14936 
4 725 Calculated for entire face 
OB 11 Aves aati tee stan Oe an WSOP SERS) 1) by lo? 14694 
5 723 Sample taken from entire face.) 12.23) 4.37 | 12604 14675 
6 724 | Sample taken from entire face.| 9.69} 3.33 | 12982 14613 
BELLEVILLE, ILLINOIS 

| 
1 |1000 Top Aunts. ices tac som cot Sine (Sty SM Sa srey |) iheerye) 14814 
2 999 Jini 2 ie fromthe tOpas oer ee OS OO mNIa2o)5 14667 
3 995 Entire face, 76—% ine 3. ss. 404 12:.47°|-4 19 | 12587 | 14694 

| 

DuQuorn, ILLINOIS | 
1 422 ‘Tops O-n) eros tome nee On 13 POMP IG SiS 14560 
2 421 ISKoHoraey WO ona aac eee oe TAN 7 1 St 2 hea 14516 
3 sige ul Entire tace nO. Osim me acre teas eal 791 | 12603) 14531 


and Duquoin. The agreement is even more marked than in the 
‘case of the Collinsville seam. 

Notwithstanding these evidences of uniformity, the fact 
should not be lost sight of that these results have a special value 
in that they show at a glance the necessity of care in taking face 
samples, to see that the cut is made equally and from the entire 


working face of the seam. It is evident also that lump or hand 
samples which are frequently taken for analysis are not only of 
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little value but are as a rule positively misleading, and the error 
is quite as likely to be of a minus as of a plus character. 


IV. ASH COMPOSITION 


Notwithstanding the very satisfactory indication of the 
adaptability of the proposed formula for arriving at the unit coal 
values, as shown by the foregoing Tables 1 and 2, the question 
still remains as to whether the samples chosen are sufficiently 
typical to represent all the varieties of composition so far as the 
ash or inorganic content is concerned. Under this division of the 
subject, therefore, is taken up a study of this phase of the matter. 
As a first step, it was deemed necessary to make an analysis of the 
ash of the coals selected for use in the above tables. For exam- 
ple, the somewhat arbitrary factor, 8 per cent, has been adopted 
as covering a constant amount of volatile inorganic constituent 
to be reckoned with the total ash. It may make an appreciable 
difference whether this component is present as water of hydra- 
tion, as in a clay or shale, or combined with lime as carbon di- 
oxide. If in the latter combination, the amount of lime present 
would be an indication of that fact, while the amount of alumina 
present might serve to indicate the likelihood of this percentage 
being represented by hydration of shale or clay. An analysis of 
the ash of the 12 samples as listed in Table 2 is given in Table 4. 

In this table, attention is first called to the fact that, with 
the exception of sample 3, the amount of lime is quite uniform. 
Here the lime approximates 12 per cent. By reference to the 
column for alumina, which might be taken as an indication of the 
clayey matter present, a very fair uniformity also exists, with the 
possible exception of sample 11, where the aluminium content is 
relatively low. Now, turning to Table 2 for an indication of a. 
variation in the calculated values for unit coal, it does not seem 
- that these variations in samples No. 3 and No. 11 have entered 


into the case in an appreciable degree. 
Thus far it might be safe to conclude, that the adoption of 
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the 8 per cent constant, as representing the volatile matter of 

the ash, is applicable. However, if in this group we have a vari- 

ation in the lime content from 2 to 12 per cent, as in samples 

7 and 3, have we any evidence that it stops there? Similarly, 
TABLE 4 


AsH CoMPOSITION OF COALS OF TABLE 2 


Ash in ANALYSIS OF ASH 
Tab.| Lab. DESCRIPTION Dry Per Cent 
No.| No. Coal 

% SiO, | Fe,O,| Al,0,| CaO [MgO 
fleolsOs Sangamon Co. Mile tapi lO Ones Oeelanne atoms elie SOMO Ro 
2° | 6131_| Sangamon Co:, Ill’, Lump.| 6.12 | 54.2 | fo.4¢24°2 7a Wel lend 

3 | 6122 | Sangamon Co., Lll., Screen- 
ITVS A chs evalcs ele ae csteneNensae ee RSV PERSO PAO Wil sIE ISO al ih 

4 ; 6123 | Sangamon Co., Ill., Screen- 
FI O'S Stree aactins Sh eee gat eee Sy ile Osi) |) alssO: | BSG Oma Ome 

5 | 6290 | Williamson Co., Ill., Wash- 
CGRINUtHetee eee ees nore A en I Seta | ae | DS 3 Gafalarlne?: 

6 | 6121 | Williamson Co., Ill., Wash- 
OdiINiter oe aerate acs ANOS J) Syl 7 meal, Sh PEAS 2 Ae 0 

7 | 6129 | La Salle Co., Ill., Washed 

SCKEENIN OSE ene L1OZOS 740255322705) 2228 2 OR Om, 

8 | 6128 | La Salle Co., Ill., Washed 

SEIN so ono aco ee BO Ah eaters | Sertiare, willevtsieseca |e ee ase 

D || Gils |) Were (COs, Wiarel.s INI G os so eo 16.84 132.9.) 43.8 | 20.5 22 9S ORS 
MOMIRON SSP Via co" Cor. lrclaruN titers ees AOA NOS N I | BEG | OS 23? Bosse (AO © 
iy) OnsSo|| oullivan! Con Inde suai peer Wein Deadlies aes ett AA ele? 
WA | OUGEE ISSieubbyekal (Clo), dharel,, Ibgunacdja, |) 2-935) |) 4S 8) BO). 2 | Bes aa Ose 


if the alumina may drop from 25 per cent (No. 10) to 14 per cent 
(No. 11), can we conclude that these numbers represent the 
limits of variation, and, if not, will greater variations in these 
factors cause a disturbance in the factor chosen to represent the 
volatile matter present? 

In extending our study over a wider range of ash analysis, 
Wwe soon come upon cases where much higher percentages of lime 
are in evidence. In view of this fact, it was considered worth 
while to estimate also the carbon dioxide and the chlorine. The 
carbon dioxide would be a more direct index of volatile loss of ash 
than the content of lime, since the latter might be combined in 
other than carbonate form. Chlorine, if present in any form, 
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would be volatile, depending on the temperature made use of. 
Table 5 is given as illustrating the extremes to which lime as 
calcium carbonate, and alumina combined as clayey matter may 
be met, at least in the ash from Illinois coals. 


TABLE 5 


AsH COMPOSITION OF COALS witH HicGH PERCENTAGE OF LIME 


In per cent of Dry ANALYSIS OF ASH 
Tab.) Lab. | DEscRIPTION Coal 


Ash | CO, | Cl | SiO, | Fe,O,] Al,O,| CaO |MgO 


1 734 | Grundy Co., 
Til 


SoZ Som NONCR 22aouleo on aed Os 34.0 
7 9 


AS es awk : 2 (0). # 
Y, 1095 | Saline Co., Ill.)11.49) 1.22 204, 3:2’. $353 0 (0) OF Ac | Ose 
3 1178 | Clinton Co., 
one so | YG BAe AOE |) KO) 0) || Bw a iver Iesile// ||) (0). 7/ 
4 1403 | Peoria Co., 
ees aceon n ll 240) O23 || tere || sey | ae © ae Wi S28 oe | SS 


It might be argued from the results in Table 5, that whereas 
the lime content is high, the alumina is low, and there is, there- 
fore, a compensation which would still furnish evidence that the 
8 per cent constant for the inorganic volatile matter would be 
applicable. However, to test the matter, it was deemed advis- 
able to subject these samples to the floating test as already indi- 
cated, giving as a result two divisions of each sample, one with 
an abnormally low ash, the other with an abnormally high ash; 
the latter division in each case still further accentuating the lime 
factor. In consequence of this division, the analysis of the eight 
resulting samples together with the calorific values is present- 
ed in Table 6. Columns (a) and (d) only are given in order 
that a comparison may be made between the ash values for “ash 
and water-free” or “pure coal’ with the “unit coal” values as de- 
rived by the formula already made use of on page 14. 

From the calculations under column (@) and column (d), 
it is evident that the wide discrepancies under column (@) are 
due to a failure to take into consideration those mineral constit- 
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uents of the coal which properly belong to the ash. This is the 
fuel unit designated the “ash and water-free,” combustible or 
“pure coal” basis adopted by engineers. Under column (d), the 


TABLE 6 


PROXIMATE ANALYSIS WITH CALORIFIC VALUES FOR FLOAT AND SINK COAL WITH 
Hicu PERCENTAGES OF LIME IN THE ASH 


Heat Value of “Actual 
Coal” as Calculated by 
In per cent of Different Methods 
Dry Coal 
| (a) (d) 
ehabs|) Lab, DESCRIPTION 
No.| No. : - “Pure Coal’’} ‘‘Unit Coal’’ 
| Basis Basis 
Ash | Sul. IB. t. u. 1B) tos Able B. t. u.—5000S8. 
1.00 — Ash | 1.00 — 
(1.08 Ash + ?2/,,9.) 
Diff. Diff. 
1 | 734 | Float,GrundyCo.) 4.57|1.44)13475]| 14120 14217 
2 | 734 | Sink, Grundy Co.) 21.99|5.00|10733 | 13760 14262 
— 360 + 45 
xs 1095 | Float, Saline Co. .| 6.42 |2.65 113663] 14600 14768 
4 1095 | Sink, Saline Co...)19.94]7.01/11122 | 13902 14906 
—698 +138 
5 | 1178 | Float, Clinton Co.) 8.54/1.96/12634] 13813 13975 
6 | 1178 | Sink, Clinton Co..}31.90|3.75| 8856} 13004 13654 
— 809 — 321 
7 1403 | Float, Peoria Co.|10.37|2.39/|12796| 14276 14489 
8 1403 | Sink, Peoria Co..|34.24/4.71] 9216) 14014 14859 
— 262 +370 


unit coal values come very much closer together, but are not in 
such satisfactory agreement as was the case with the coals in 
Table 2, having a low lime content in the ash. It is evident, 
therefore, that in these two extreme divisions which have been 
made by the process of floating out to get the lighter and sinking 
the heavier ash coal, the inorganic volatile matter must be ac- 
counted for in some further correction than would be included in 
the 8 per cent adopted in calculation for Table 2. It is evident 
in this set of samples, that we have accentuated in an extreme 
manner the effect of a high ratio of carbonate of lime, bringing 
this constituent up to 16.67 per cent of the total coal in No. 5 of 
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the table, and to 11.99 per cent in No. 6. While these per- 
centages are abnormal, they serve well the purpose of indicat- 
ing the effect upon the proposed formula for arriving at unit 
coal values. The first question which presents itself, therefore, 
is whether we should not correct our ash factor, not by an 8 per 
cent addition alone, but by adding directly to the ash as weighed, 
the amount of carbon dioxide present, on the assumption that all 
of the calcium carbonate would be decomposed, setting free the 
CO,. This involves another hypothesis, namely, that in the or- 
dinary determination of ash, the calcium carbonate present is 
completely decomposed. To test this point, the four samples, 
subdivided into pairs of low and high ash each, were subjected 
first to the ordinary ash determination as directed by the Com- 
mittee of the American Chemical Society on standard methods 
for coal analysis. No important modification of this method was 
employed. After complete burning off of the carbon in a porce- 
lain crucible over a Bunsen lamp, a blast lamp, driven at moder- 
ate intensity, was applied for 30 to 40 minutes. The results are 
listed in Table 7, in the first column for ash percentages, marked 
(a). In the column marked (6b), the method employed made 
use of a platinum crucible and after burning off the carbon, 
an intense heat was applied by means of the blast lamp, 
continuing the blasting to constant weight. As will be seen from 
these results, a very wide difference may be made in the seeming- 
ly simple matter of determining the ash. Evidently under col- 
umn (a) only a part of the calcium carbonate has been decom- 
posed in the “sink” samples. 

In this table, therefore, we have a striking illustration of the 
variations that may enter into the ash determination. The evi- 
dence of a variable element indicated its presence in a very 
marked manner in the process of obtaining the values for column 
(a). It was found almost impossible to secure duplicate results, 
the values sometimes varying in the two portions run in parallel 
by as much as 1.00 per cent. This evidence of a high content of 
calcium carbonate and its effect on the accuracy of the ash deter- 
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TABLE 7 
VARIATIONS IN ASH VALUES WHERE CALCIUM CARBONATE IS A CONSTITUENT OF 

THE COAL 

| (b) 

| (a) Ash as Deter-| Difference 
Tab.| Lab. DESCRIPTION | Ash as Deter-| mined by in per cent 
No.| No. | mined by Blasting to of Dry Coal 


| Usual Method |Constant Wght 
and Fusion 


1 734 | Float, Grundy Co., Ill | 4.57 3.54 1203 
2 734 | Sink, Grundy Coz, ihe! 21.99 16.85 5.14 
3 1095 | Float, Saline Co., Tl. on 6.42 5.96 0.46 
4 1095 | Sink, Saline Co., Aili ote, 19.94 18.59 eso 
5 1178 Float, Clinton Com Tie 8.54 UBS Sit 
6 | 1178 | Sink, Clinton Co., Il. fe 31.90 26.88 S02 
i 1403 Float, Peoria Co,, Tle. .| Omi 9.08 1.29 
8 1403 | Sink, Peoria Co.. Ill. es 34.24 22, OS iil, Sl 


mination is of far-reaching importance. It affects in a very ma- 
terial manner any method of reference to a unit of combustible, 
especially such as is made use of by the engineering profession 
under the designation of “ash and moisture-free”’ material. It 
also seriously affects those results in a coal analysis which are 
obtained indirectly by difference. For example, the value for 
fixed carbon is thus estimated. Any error in the ash determina- 
tion is therefore loaded upon this constituent. An equally er- 
roneous feature accompanies the ultimate analysis where the to- 
tal carbon is measured as CO,. The carbon dioxide combined 
with the calcium oxide in the coal is thus made to appear 
in the final result as augmenting the value for total carbon. 
But it is not the purpose here to discuss the effect of this possi- 
ble source of error. The immediate problem in hand is to arrive 
at the actual non-coal or inorganic substance as an essential fac- 
tor in calculating the values for unit coal. The obvious sugges- 
tion, therefore, would be to make a determination of all possible 
volatile constituents, especially the CO, and Cl and augment the 
ash values found at the higher temperature by these percentages. 
Such an analysis was made, as shown in Table 8. A complete 
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analysis was also made showing all the mineral constituents, so 
that any bearing these factors might have, could be studied sim- 
ultaneously with the question of the true ash or inorganic mat- 
ter. 

In considering the probable reactions of the ash at a fusion 
temperature, it would be conceded at once that all of the CO, 
would be driven off. This, therefore, would be the first inere- 
ment to add to the ash as above determined. Similarly, the chlo- 
rine present would be driven off. Evidently, in these particular 
samples, the larger portion of the chlorine is combined as CaCl,, 
which was not washed out of the texture of the coal after being 
subjected to the floating process in a CaCl, solution. But wheth- 
er joined as NaCl or CaCl,, it is probable that the ultimate result 
is the formation of silicates of sodium and calcium with libera- 
tion of chlorine. Hence it seems proper to add a second incre- 
ment to the ash values, that of the chlorine percentages. When 
we come to a disposition of the SO, value, the case is not so clear. 
Ordinarily, it should be noted, the amount of sulphate present in 
a coal is so small as to be negligible, but it so happens that the 
samples selected for this particular series had been in labora- 
tory storage for over a year, with the result, that when the ulti- 
mate constituents were all sought out, quite an appreciable 
amount of sulphate of iron had formed. Now the decomposition 
of this material is easily effected at a temperature above 300°. 
Hence the indication would seem to be that a further correction 
for the ash content should be made by adding the percentage 
found for this constituent. However, it should be borne in mind 
that calcium carbonate is present in sufficient quantity to take 
care of this SO. by formation of CaSO, + CO,. By testing arti- 
ficial mixtures of calcium carbonate and ferrous sulphate, with 
and without the addition of organic matter, the residual fusion 
showed sufficient sulphate remaining as CaSO, to warrant the 
conclusion that no correction should be made for the SO. found 
to be present in the original coal. 

In view of these facts, therefore, the calculation for the unit 


Ne cLIvt CLIC — TrOTT 91726 “Vs Ge €6°C¢ “AUIS | cOvt 8 
SOStT €LOVvt 96L71 L0'4 Lee SO¢O" De | hette cae! yOOTH | COVT L 
UG = 600FT HOST as EG) 9688 Od } LoS SS 2OCe are Ilha peas “yUIg | 8LIt | 9 
O¢LOrt S19et PE9cT Lye Kas SY Oa MN Mahi yeOTH | 8LTT § 
a 9ELVI 998! = 79OET COULD sor BEC OSES TS ana AUIS | S6OT | v 
CVLVL 8cSTT C99CT LV on GOaSy 2 Alena ees yeOTH | S6OT € 
Sess PICrT T9OT — 806c1 ecLOv | Stit 89° € COOL Teen Us.) vel 4 
6lCrT 696eT SLUCT 00°T OT’ VS See | so eee yeOlH | VEL i 
“Bd Bd | | 
yysIaM jueys 
<a 0 aa us : -U0d 0} UOIsnYy 
ee Pe YsV — 00'1 seg Te aTO “99 «| «ustH Aq pour 
— nq | -Iojyoq se ysy NoILaiuosaq | ‘ON | ‘ON 
S000S n-y-d | ‘qe | qeL 
ge EVO TEND: Cant Ee: TVOd AUG AO INAD AA NTI 
ALVNOGUY) WAIDIVD HOIF{T HLIM SATAWVS NI ,,TVOD LINQ,,—6 ATAVL 
9176 BLY. ioe 66° LV 6T° 0g OF 60° L vos | COLCC Mn | tae Pane as yUulS | Corl 8 
96LCT 6e °C bee EG. LOT CC" 6c 1 ste G OVS | | CODOre we Nein a yeolT | COV L 
9588 STs Lo 9S ° Oct TG || “Oke 606 £06 88°97 AUIS | SLtt | 9 
vE9CT 96 'T To 07° Wet A | 88° cO € es & SOK, ieee a yeold | SLIT S 
collt LOL Sim 18° ke Ae 88° e 8V 6 fo S 6S 8T US | S6OT V 
COI sis) 6 oe CC jee LO" OF* COC SOmC co tesa Ma ee pe ia a yeOTT | S6OT io 
ee Lor 00'S 89° sot Seb ee OSS Tor’ Wc | Sip YUIS | vel c 
SLUCT tv I OT ve 00°} Cy S3° TZ ty 86° VScc eee ae eee yeOT | VEL q 
| “OnzIg “4d 
| | UL UOTSNY 
setsGl Pe “OO “OS 19 eN O3IN ‘oly | “OFS |puerysiem| uordrrosed ONY | ON 
[BIOL OrO ®9%a7 yueysuod ‘qeT | qey 
| O} SUTASeT_ 
kq_ ysv 


“qvo) AUG dO LNG aad NIJ—NOILISOdWwog HSY—8 AIAVL 


ct 


PARR-WHEELER—UNIT COAL AND COAL ASH 27 


coal values on these samples was based on an ash content in 
which the ash as weighed had been subjected to a very high tem- 
perature in a platinum crucible, and continued until a constant 
weight was secured, and the ash fused; to this was added the 
CO, present in the dry coal, and also the factor for chlorine. The 
formula already given, therefore, was simply modified by the 
above conditions, and would be expressed as follows: 


Indicated B. t. u. — 50008 
1.00 — [ (Ash + CO, + Cl) X 1.08 + 22/40 8] 


Unit Coal = 


The results of this calculation are given in Table 9, with a com- 
parison wherein the values are calculated to “pure coal” or the 
“ash and water-free” basis and to the “unit coal” with the ash 
corrected for the CO, and Cl present. 

Concerning these results, the proposed correction of the ash 
by addition of the CO, and Cl would seem to meet the conditions 
as indicated by the close agreement of the “unit coal” values. 
The last sample, No. 8 of the table, is not in so good agreement, 
as could be wished. The only explanation to be suggested at 
the present time is that the very high per cent of calcium carbon- 
ate, 16.67 per cent, would seem to require that a correction be 
made in the calorimetric value to allow for the heat of decom- 
position required to separate that amount of calcium carbonate 
into its constituent parts. This would mean that 786.6 « 16.67 
per cent or 131 B. t. u. would represent the heat of dissociation 
for the calcium carbonate present. This amount, added to the 
indicated heat, would represent the total heat developed in the 
combustion as 9112 B. t. u. This amount introduced into the 
formula would show 14 3838 B. t. u. as the unit coal value, or a 
difference from the low ash sample of 112 units instead of 336 
as in the table. More study of this extreme type of coal must 
be made, and upon fresh samples with the sulphate constituent 
eliminated, before a final judgment can be formulated as to the 
adaptability of the formula to such cases. The remarkable con- 
formity of the values in three of the four cases would seem to 
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argue strongly in favor of the corrections for CO, and Cl as cov- 
ering the case. In consideration of the facts set forth, therefore, 
in these last tables, it was deemed necessary to make an extended 
inspection of the coals of the State with special reference to their 
content of carbonate and chlorine. About sixty samples were se- 
lected and in addition to the usual ash determination, analysis 


HUNT 


Fig. 1 Apparatus For DETERMINING CO; 


was made of the ash constituent, namely, silicon, iron, alumina, 
lime, and magnesia. In addition, a determination was made of 
the chlorine and carbonate present. The chlorine was deter- 
mined by digesting 2 grams of the pulverized coal on a steam 
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bath with about 200 ce. of water, filtering, making up to 500 cc., 
and titrating an aliquot part with standard silver nitrate solu- 
tion. 

The carbonate was determined by weighing out 5 grams of 
coal and treating with acid in the apparatus designed for such 
work as shown in Fig. 1. This is an improved form of the ap- 
paratus described in Bulletin 7 of the Engineering Experiment 
Station, for the volumetric estimation of carbon dioxide, by ab- 
sorbing the same in a pipette, as P of the figure, and measuring 
the contraction in the jacketed burette. 

From the values thus obtained for these two constituents,. 
it will be seen from the table that the high amounts of both are 
distributed quite irregularly throughout the State, and very fre- 
quently in a sufficiently high amount to make the introduction 
of their values into any careful analytical work on such coals 
an essential feature, if trustworthy results are to be forthcoming. 

An answer is thus afforded, in such cases at least, to the 
query of the Committee of the American Chemical Society on 
Coal Analysis': ‘Are carbonates likely to be present in the ash 
in such amount that heating over a blast lamp would lessen the 
weight appreciably?” An affirmative answer is also indicated in 
. Table 7, where the weight of ash is lessened on blasting by 11.51 
per cent of the coal, as in sample 8. 

A further suggestion results from these frequent indications 
of carbon dioxide. The high carbonate content is accompanied 
by a high lime factor and the question at once occurs as to wheth- 
er this factor for CO, might not serve as an index of fusibility 
of the ash quite as accurately as the content of sulphur, since 
high lime is as promotive of slagging as iron. Numerous tests 
on the fusibility of ash have confirmed this idea. It is hoped 
that this matter of the fusibility of coal ash may be taken up for 
further study in the near future. 

Jour. Am. Chem. Soc. Vol. 20, p. 284, 1898. 
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PARR-WHEELER—UNIT COAL AND COAL ASH So 
V. SUMMARY 


The principles developed by the foregoing discussion may be 
stated as follows: 

1. Ordinarily the total inorganic or non-coal constituent is 
expressed by the formula 

Total Inorganic Matter = M + 1.08 A + 22/408 


in which M = moisture, A= ash, and S—sulphur. The form- 


ula for calculating the heat value for unit coal, therefore, basing 
the calculation upon wet coal values, would be 

Tu ee Artie Indicated (wet) B. t. u. — 50008 
1.00 — (M+ 1.08 A + 22/408) 


and for dry coal: 
Bat ugohUnit) Goalies, ieee May LB te 
1.00 — (1.08 A + 22/408) 

2. A coal of unknown character as to its carbonate content 
should be subjected to a carbonate determination readily effected 
by liberating the CO, with acid and measuring the same by 
weight or volume. Where carbonates are found to exist in any 
considerable quantity, say over 0.38 per cent CO,, the ash deter- 
mination should be made by blasting in a platinum crucible to 
constant weight, and the ash as thus determined corrected by add- 
ing the weight found for CO,. Further, since this method of 
driving the weight of ash will drive off the chlorine present, this 
constituent should also be determined and the amount as Cl 
added to the weight of ash. 

It has been possible to apply the foregoing principles to a 
large number of analyses which have been made in this labora- 
tory. Some from the same mine extending over a considerable 
period of time afford a good opportunity of verifying the con- 
stancy of the unit coal values from the same mine. Others from 
the same geological seam, extending over a considerable area, 
as well as those from neighboring mines, serve to demonstrate 
a positive relationship and, so far as they are available, establish 
the unit values for their respective regions. An extension of 
these data has been prepared and arranged in tables following 
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this discussion. In addition to the results obtained in our own 
laboratory, the various coal values as published by the Ohio State 
Survey! (Appendix A) and the United States Geological Survey? 
(Appendix B) have been calculated to unit values by the form- 
ula already developed and indicated at the head of the column 
for “Unit Coal.” A most interesting study is there made possible 
of the constancy of values for a given type of coal or for a given 
region. 

The application which the facts of the tables may be made 
te serve are many and of far-reaching importance. The _ real 
ralue and the extent of this service hinge upon the accuracy 
with which we may differentiate between the actual or unit coal 
and the true ash content. It is believed that the methods and 
formulas herein proposed are accurate within the limits of varia- 
tion, inherent in the composition of the unit substance itself, and 
in the manipulation and methods of analysis employed. Concern- 
ing this latter point, it is obviously impossible in applying the 
calculations to analytical values already published, to take ac- 
count of errors in ash determination, due for example to the 
presence of carbonate of lime. Some of the discrepancies in unit 
values, therefore, may be due to this fact. Moreover, some of the 
samples grouped by counties may be from different seams and 
hence show a difference in their unit values. It has not been 
practicable to give more detail of location or deposit than is con- 
tained in the tables, but the facts thus presented seem to have 
sufficient value to warrant their publication in this form. 

An inspection of Table 10, (p. 31), shows a number of coals 
with over 2 per cent of CO, present. This represents approximately 
5 per cent of calcium carbonate. In the Mahler type of calori- 
meter, this material is decomposed, representing a loss of heat 
amounting to about 40 B. t. u. for each 5 per cent of calcium car- 
bonate present. A question is therefore raised as to the desir- 
ability of correcting heat values obtained by that instrument, to 
take account of this reaction in the calorimeter. 


NC 
*Geological Survey of Ohio, Fourth Series, Bul. No. 9, 1908. 
*United States Geological Survey, Bulletins No. 261, No. 290, and No. 332. 
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VI. CONCLUSIONS 


1. The actual or unit coal of a given deposit or region is 
remarkably uniform in composition, as shown by the constancy 
of heat values, when calculated to such unit substance. 

2. The true percentage content of the actual or unit coal 
hinges upon the correct determination of the inorganic constitu- 
ents of the coal. The present methods of analysis fail to take 
account of such constituents as the hydration of the shaley or 
clayey portions of the ash or the carbon dioxide content of earthy 
carbonates. The presence of chlorine compounds may sometimes 
be sufficient in amount to require consideration and estimation. 

3. Coal with an ash of unknown composition should be ex- 
amined for carbonates and chlorides. If the combined amount 
of these constituents approximates 0.5 per cent, the ash deter- 
mination should be made at a temperature sufficiently high for 
their complete elimination, and a correction made for the ash 
value thus obtained by adding the amount of CO, and Cl found. 

4. Apart from the corrections which may be called for on 
account of the presence of CO, or Cl, a factor for hydration is 
necessary, amounting to 8 per cent of the ash as determined, 
minus the ferric oxide resulting from the decomposition of the 
iron pyrites. 

5. The assembling of the corrections indicated may be em- 
bodied in a simple formula, easy of application, and under two 
headings as follows: 


For coals free from carbonates and chlorides 


Indicated Dry B. t. u. — 50008 
1.00 — (1.08 Ash + 22/40 S) 


wit. b. tas 


For coals with carbonates and chlorides 


Unit B. t. u. = 
Indicated Dry B. t. u. — 50008 


1.00 — [ (Ash at high temp. + CO, + Cl) 1.08 + 22/40 S.] 
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VII. TABULATION OF CALCULATED VALUES FoR UNIT COAL 


From the tables following, (Tables 11 to 19 inclusive), not 
only is there evidence of a constancy of values for a given area, 
but, conversely, a given type of fuel over widely separated areas 
has a value which varies between relatively narrow limits and 
may be made to serve as an index of the kind or type and probably 
the region from which the material comes. From an inspection 
of these and other data a tentative series of values defining the 
suggested limits for the generally recognized fuel types is given 
in Table 11. 


TABIC Ey ai 
CLASSIFICATION OF FUEL TypEs BY HEAT VALUES FOR UNIT OR ACTUAL ORGANIC 
SUBSTANCE 
Cellulose and wd. vise sins os dessde te es ee Re eee ee ee 6500 to 7800 
TERETE: NOSE neat Rear oo ES OP ARERR Orns Sie ae UME EE Oe 7800 to 11500: 
lighigmee lope ieee ree tn SeeenaT is ce Medion clo aooda mu SS Go one 11500 to 12500: 
Wapmite-placles.%. s.tacieeias Sucks is Sues weed ie rea nae ees Len eae eee 12500 to 13500 
Sitp=bicumuin ousiCoals shite weston casera cchele ORS ene nA nee 13500 to 14200 
Bieamintous © oal (midscontimentalutelcl)e se puerierteeier eee inenesnen 14200 to 15000 
BaermMInouss Coals (CASt eri Clcl) eiteerceinraiece ener cne reste a 15000 to 16000: 
Seicah Eph ala oeKerune) thoes Sreyanotjonanbboabeavoyek, . 6 Gcadancocaoossesoccoaue 15500 to 16000 


PAIGE A CIC Cira cs ete, veer oraccrntsucye evowe Gf Gacie Caen eee are ee 15000 to 15500 
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TABLE 12 
CoAL RESULTS 


From Continuous Deliveries, September 1, 1907 to September 1, 1908. 


Each Sample Represents 5 Cars or 250 Tons, and is a Composite of 5 Separate 
Samples. 


Shipments all from the Same Mine, Christian Co., Ill. 


Wit Coal: 
ANALYSES OF SAMPLES AS RECEIVED Basis Variation 
Lab. from Avy- 
No. B. t.u. — 5000S erage 
1.00 — 1535 ty bls 
Moisture Ash sulphur) B.t: u. \(1.08 Ash-+ 22/,, S.) 

923 13h, WG ip Od) 4.39 9665 14313 —160 
934 10.89 17-34; 4.87 10104 14564 + 91 
935 13.49 15.14 3.99 10082 14539 + 66 
936 13.76 o2Z6 4.01 9845 14507 + 34 
937 14.00 16.97 4.41 9680 14499 + 26 
938 12515 17.40 4.19 9883 14576 +103 
939 1275:7 18.70 4.43 9709 14643 +170 
940 12.99 16.25 4.10 9971 14533 + 60 
941 UA Tal yl 7 4.55 9871 14580 +107 
942 12S: 18.53 B68 9724 14577 " +104 
943 iil Se 16el3 4.36 10211 14554 + 81 
944 2e2ii 15 e3ih 4.32 10278 14608 +135 
945 1353 16.14 4.38 9824 14420 — $3 
946 14.99 14.96 Aral 9885 14537 + 64 
947 LS Ow 15.09 427. 9825 14501 + 28 
948 WBS ibe Sul Soil 9896 14510 + 37 
949 12.98 LG) 225) Sey) 10076 14437 — 36 
957 1S) 17 16.40 4.16 9880 14472 — i 
990 1:31.03 18.05 4.39 9773 14683 +210 
1024 14.59 16.20 4.18 9830 14664 +191 
1025 13.38 M7 Sy 4.19 9747 14580 +107 
1026 14.28 iMey cou 4.71 9840 14558 +185 
1027 13.84 16.56 4.23 9842 14602 +129 
1071 13.88 16.06 4.51 9868 14543 + 70 
1072 13.66 16.31 4.46 9837 14505 + 32 
1073 12.99 NS 7/1) Aral 10076 14563 + 90 
1074 12) hS} 17.95 4.66 9834 14631 +158 
1075 12570 7eOn 4.12 9857 14478 = § 
1076 13.79 18.63 4.95 9497 14595 +122 
1077 1e62 15.90 4.36 9935 14544. + 71 
1180 13245, 16.68 4.00 9801 14472 — 1 
1181 esha 17.95 4.85 9607 14457 — 16 
1182 13.49 1 86 SO: 9964 14415 — 58 
1183 12.16 19.20 5.01 9556 14462 — il 
1184 11.90 17.16 ASS) 9925 14458 — 15 
1185 12.97 16.63 4.60 9893 14522 + 49 
1186 NS) 78) 16.66 4.34 9795 14536 + 63 
1187 13.80 16.10 AM Ob 9884 14550 + 77 
1188 14.28 15.84 4.54 9763 14424 — 49 
1204 14.51 18.04 4.35 9464 14533 + 60 


ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 12 


Coat Resutts—(Concluded) 


“Unit Coal’ 
ANALYSES OF SAMPLES AS RECEIVED Basis 
Lab. 
No. B. t. u. — 5000S 
1.00 — 
Moisture Ash Sulphur | B. t. u. |(1.08 Ash + 77/49 S.) 
1205 14.13 Homo 4.85 9746 14488 
LA 15581 15.18 3.86 9650 14399 
1273 Toe 14.45 4.04 9910 14498 
1274 15.40 16.08 S308 9560 14440 
1275 14.04 16.44 Al Sp 9694 14409 
1276 14.35 1 Wessistt le} 4.62 9315 14299 
1326 14.81 16.56 4.22 9540 14354 
1327 13.46 17.87 4.65 9505 14335 
1328 13.56 11/5. 53 4.67 9568 14373 
1329 14.98 TA S7 3.90 9928 14451 
1330 14.59 16.63 4.34 9614 14444 
1331 14.10 17.42 4.82 9592 14511 
1332 iSrA3 116) oa LA? 4.58 9783 14272 
1447 PAs) Ls NO) 4.19 9670 14346 
1448 12.62 18.18 4.46 9590 14344 
1449 NS} Si! Seats 4.50 9584 14485 
1450 1S R2 i 16.16 Awd 9852 14385 
1451 NB SY i Oi 4.28 9656 14313 
1695 iS oul 13.19 3.61 9999 14341 
1696 1 Grete2 130 Sr (Ko) 9890 14339 
1697 1 SoZ 14.29 SOW 9782 14338 
1759 14.02 1S 62 4.43 9817 14392 
1760 1385 16.54 4.49 9676 14354 
1789 13.49 19.41 4.07 9331 14416 
1832 14.09 A miles) 9605 14451 
1833 113)..96, Me Od. 3.93 9704 14439 
1834 1325.6 7e 50) 4.24 9590 14381 
Av. 13.65 16.58 AE 35 9779 14475 


Variation 
from Av- 
erage 
Beetaaa 


Ir 
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PARR-WHEELER—UNIT COAL AND COAL ASH 


CoAL RESULTS 


TABLE 13 


oD 


From Continuous Deliveries September 1, 1908, to May 1, 1909 
Each Sample represents 300 Tons 
Shipments all from the Same Mine, Vermilion Co., Ill. 


UnitiCoaly 
ANALYSES OF SAMPLES AS RECEIVED Basis Variation 
Lab. from Av- 
No. B. t. u. — 5000S erage 
| ; 1.00 — IBS Ae. Bl 
Moisture Ash Sulphur] B. t.u.|(1.08 Ash + ”/,, S.) 
1879 12.92 16.58 SoZ 9992 14613 — 143 
1880 14.22 18.16 4.51 9540 14624 —132 
1881 AA Als 1e7 22. 4.14 9950 14608 — 148 
1883 13.00 19.48 4.31 9501 14601 —155 
1896 12.08 V7 Ss SIO, 10160 14801 + 45 
1897 12267 16.90 4.26 10062 14757 See lt 
1898 dat 16.79 4.22 10071 14752 — 4 
1899 12536 18.80 5 anlhez 9801 14794 + 38 
1900 12536 Ney S33 Se Oli 10170 14800 + 44 
1902 D2 S70) 1520) 3.89 10269 14655 —101 
1903 1265 5A 3.78 10208 14567 —189 
1905 12.38 18.00 4.59 9913 14747 — 9 
1906 12.46 18.30 4.21 9787 14629 —127 
1908 TAS 7.6 loys} 3.48 10402 14840 + 84 
1909 falter 15510) 3.93 10440 14677 — 79 
1911 ADS 4: 16.19 4°23 10324 14903 +147 
1912 12.59 18.25 4.10 9772 14620 —136 
1919 16.76 16.68 3). 743) 9512 14760 + 4 
1920 16.92 18.20 3.83 9232 14745 — il 
1934 29S 16.44 3.04 10200 14878 +122 
1942 eee, W262 4.07 9949 14763 + 7 
1943 15.03 16.45 4.09 9846 14844 + 88 
1947 13.90 18.31 4.08 9689 14800 + 44 
1990 14.47 AMY Seo0f 3.85 10021 14759 + 3 
1991 ibGde cos! 18.08 43 10020 15134 + 378* 
1987 12.80 14.51 3.64 10476 14805 + 49 
1988 12.68 14.54 3.80 10508 14840 + 84 
1993 13.19 W766) 4.16 9931 14777 + 21 
1994 US Sil 18.44 al Ales 9849 14947 +191 
1996 11.85 202356 5.47 9720 14958 +202 
1997 TZ OS 20.83 4.13 9512 14728 — 28 
2007 AS 7S 19°23 3.91 9527 14729 — 27 
2008 oS 18.60 4.33 9638 14720 — 36 
2016 OOS 19.72 4.42 9583 14886 +130 
2017 132s 18.24 4.56 9797 14833 + 77 
2013 12.48 21.14 Sy tal 9348 14693 — 63 
2014 12.89 18.78 Bo Tiss 9742 14880 +124 
2029 14.24 19.64 4.47 9431 14829 + 73 
2030 15.90 LOwS5 B7D 9667 14724 — 32 
2031 14.11 deer 6 3 OY 9677 14591 —165 
2032 13.66 T5eA3 Shh 10173 14767 + 11 


* Probably due to error in ash determination. 


40 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 13 


Coat Resutts—(Coneluded) 


“Unit Coal” 
ANALYSES OF SAMPLES AS RECEIVED | Basis Variation 
Lab. } from Av- 
No. 8 we BSS 5000'S erage 
a — l iOooG— Prtaetes 
Moisture Ash | Sulphur | B. t. wu. /(1.08 Ash + “Jo S.)} 
| | 
20387 13.61 iota Al 4.13 | 10128 | 14775 + 19 
2071 12.16 18.31 3.98 | 9986 | 14856 +100 
2072 12.22 18.93 3.93 9857 | 14821 + 65 
2073 13.10 20.38 |} 3.99 | 9520 | 14864 +108 
2074 12.47 19.37 4.04 9791 | 14892 +136 
2106 eel 17.49 4.03 | 9816 | 14660 | — 96 
2107 14.07 17.580 |: 4.43 | 9742 | 14739 — 17 
2108 13.12 T7253 4.41 | 9987 | 14837 + 81 
2145 12.81 16.82 3.98 10066 | 14764 + 8 
2146 13.97 15.64 4.76 | 98137] 14632 —124 
2147 13.19 17.68 4.21 | 9805 | 14668 — 68 
2159 13.30 17.98 4.17 | 9831 | 14805 + 49 
2160 12.20 20.14 | 4.78 9628 | 14805 + 49 
2161 13212 17.61 | 4.34 | 9900 | 14790 + 34 
2178 14.83 19.77 3.90 | 9319 |} 14793 + 37 
2179 14.01 17.92 | 4.13 9858 | 14993 +237* 
2180 13.03 19.92 ; 4.11 | 9503 | 14710 — 46 
2232 14.07 17.40 | 4,12 9815 | 14813 + $7 
2233 13.26 19.54 |; 4.25 9381 | 14483 —273* 
2234 12.26 18.90 3295 9611 | 14446 —310* 
2235 13.02 17.94 | 4.46 9706 | 14547 — 209 
2304 15.07 19.03 4.42 |. 9346 ) 14730 — 26 
2305 14.22 16.93 4.81 9718 | 14614 —142 
2324 15.16 16.98 S272 l- 92064 14771 + 15 
2325 tS; S33 16.60 | 3.77 | 9792 | 14849 + 93 
2326 11.99 19.10 4.13 | 9801 | 14735 — 21 
2369 12.00 18.42 | 3.92 | 9900 | 14712 — 44 
2370 | 14.29 18.74 | 4.63 | 9498 | 14727 — 29 
2371 13.28 17233 4.17 | 9897 | 14744 — 12 
2416 1S.59 18.55 4.48 | 9630 | 14706 — 50 
| 
Av 13.30 17579: | 4538 9828 14756 + 86 


* Probably due to error in ash determination, 


PARR-WHEELER—UNIT COAL AND COAL ASH 41! 
TABLE 14 
CoaL RESULTS 
Run-of-Mine Coal from Two Mines, Boulder Co., Colo. 
“Unit Coal’”’ 
ANALYSES OF SAMPLES AS RECEIVED Basis Variation 
No. from Av- 
; B. t. a. = 5000S erage 
1.00 — 1835 Uy Le 
Moisture Ash SUP Barberi (RO SmAtcine-te4// 4-53) 
13 19.59 8.38 ay 9349 13118 +120 
i; 20.18 FS i) .39 9362 13193 +195 
19 20.26 6.85 . 38 9434 13053 + 55 
20 19.64 6.83 .36 9519 13054 + 56 
ae 19.49 GPS: 48 9580 13192 +194 
24 19.43 So aH .38 9625 12958 — 40 
25 19.12 he is .42 9620 13164 +166 
Pall 20.43 6.40 .36 9512 13102 +104 
30 19.65 8.55 41 9271 13048 + 50 
31 19.91 Ono mers) 9425 12958 — 40 
35 PAB) 1235 44 9431 13260 +262 
37 19.71 4.88 38 9779 13046 + 48 
5 XO) PAE 5.81 9S) 9373 WAKA — 237 
it 19.73 5.08 .29 9598 12842 —156 
8 19.64 BO 51040) 9497 12859 —139 
9 19.83 BH: 5D) 9573 12911 — 87 
13 20.06 Seqal aoe} 9551 12917 — 81 
18° 20.08 4.82 38 9632 12902 — 96 
19 19.96 Sow 560) 9588 12972 — 26 
34 19.99 (Ye, YS) .40 9441 12955 — 43 
38 19.38 5) ot fal oT 9712 12939 — 59 
42 19.96 6.95 52S 9422 12998 00 
45 20.56 5.60 .26 9428 12853 —145 
76 18.09 Ye tox} Al 9835 12907 — 91 
PATE d aihe 19.80 6.37 .36 9523 12998 +104 
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ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 15 


CoaL RESULTS 


Run-of-Mine Coal from One Mine, Las Animas Co., Colo. 


+ Unit:€oal!? 
ANALYSES OF SAMPLES AS RECEIVED Basis Variation 
No. from Av- 
B. t. u. — 5000S erage 
100m 3 Sotamtts 
Moisture Ash Sul. tain (UO Sm AGhet 122/560) 

2, DDS O72 .89 13309 15288 — 4 
10 2.40 Hl eave) 68 13066 15334 sgn. 
12 DSi 14.49 .68 125A 7 15359 + OF 
14 2ROS ii o2 61 13033 15332 + 40 
15 2.93 A SiS) 20d 13065 15465 +173 
16 PSY 12.81 .60 12842 15386 (92, 
21 2.80 20m .65 11643 15468 +176 
2S 226 9.45 .60 13297 15214 — 78 
25 DRAS 14.86 .60 12572 15448 +156 
33 2.02 11504 63 13025 15144 —148 
37 DOS eye) .59 12532 15121 —171 
Al 3-265 1222 63 12584 15159 —133 
44 DAS WEILL 58 12722 15218 — 74 
46 i) il SSy¢/ 61 12904 15150 —142 

a a Se 
JN pee 2.58 1s © 64 12796 15292 +107 


PARR- WHEELER—UNIT COAL AND COAL ASH 43 


TABLE 16 


irrinoirs’ “No. 2?% Coan 


REFERRED TO “Unit Coal” 
Lab. Total Dry Coa Basis 
No. LoOcALITY Mois- , 
ture B. t. u. — 5000S 
1.00 — 
Ash | Sul. |B. t. u.|(1.08 Ash + 7/48.) 
iOS | MBionEeENEL CO ne onan ao ool) LS 3On 9.59 | 4.29 | 13008 14657» 
WOO! | deeaneeyel Clon ano usu coeds 15.99 8.96 | 4.04 | 13191 14743 
CEGOn I Brown COn wees os. mice POON MO LO2s OnOta1is099 14904 
TSO Om Christian Cone a wearer 1 SE MO KOS |) ASRS I SAS 14912 
TS Aitee Bitton COe ence, es ree Waleoanoy/ sds) ) Sool |) Sse 14888 
TRO) ea Cagereral COL cocsiec oom onl) HESOR: I ani ky boy) apex 14739 
Les Ome GreennG One mnece 1 oer molior OA Oe o nl OMOSm Leos 14687, 
USS. | MEaabhovehyAGOe . woth ond ots 14.69 Selo Oss edis 2107, 14616 
WSO MN Giaserint ACOs oa b Gb oc 17.18 Oars |e Grell |] sSvesSyo) 14622 
HE | Canine Coin, oceton ob ne 14.16 DROZe eS Sul tsAsO 14395 
T861e | Hancock Cos am. an a 13.48 @areter |) Hb, BO) |) aUSISiKS 14744 
Sioa le lacksornCOm. s.r 14.25 4.99 .79 | 14113 14943 
Sromlilacicsone€ Ohta german WARS ee |) LES mil 14d 14902 
TS TOM aACKSOnn © Onmanaa trie 9.00 Onc | Pew |) alsoe 14975 
LOS ae aro alle Conta ee eS: DWI || GAY Vy WO 14686 
WSS | Wey SNe CO. ga deca open UA ail eyaten®) | GAAS) | TSSIOO 14858 
HiOSmumlasallekC Oaernae cesta LoS || WE OS: | 5, 6445 Jalopaul 14618 
WHS | MhenesiieMll OG. ono cee o ue 14.60 ZO Me ey SOMES 539 14761 
LAGS) 1) IMleKeaewll (Co). oe dnc oes 13.54 6266 |) 2. 902)1=13743 14908 
SSH ie VielDonough) COM ars: 16.42 ons 3.235) 13408 14829 
74 Sale Mic lveatia © Omar ene WS OE || SNOve aS St SSI) |) I PORKO) 14704 
TS 5am Niercer © One ne e a UG || SL SEE | SF |) OES 14669 
Aa Pe eorian Coban ices oe 12.05 | 10.90 | 4.48 | 12866 14739 
TIOQ NM Wiatren Comat. a6 4 a4 o> TS 52 Sy |) GeO |) alex) 14606 
179 Se Ee NVOOdLOtdCOn wena 16.18 Sak) || Siaao) | isisxeyl 14802 


Al ILLINOIS BNGINEERING EXPERIMENT STATION 
TABLE 17 
Irtinois ‘‘No. 5’’ COAL FROM SOUTHERN PART OF STATE 
“Unit Coal’’ 

Total REFERRED TO Basis 
ab. LOCALITY Mois- Dry CoaL 
No. ture Btu — SOOORS 

| 1.00 — 
Ash Sede Be es (CMOS => ile S),) 

HOOD Gallatin (Cowpea AA el OS Sul O ea oro 15133 
NO OAaa mo alame: © Omer sae sere eae OOS |) MO, S28 S.A | Sey 15024 
IOOS. | SRUTEMOCE Secs eaaae scl Coen Tal AKO ih Ae iit. 9) IOS 14916 
bie Omie oa Lines Ol pene) eee ASAIN U2 OS Onl 2 2 S79 ieslSy/ 
lGlGinieneSalimesC Ona eet 6.64 OPA 1 PAS sy || ASO! 14927 
SO me SalimrenC O.. bee eoeine see 6.10 ee OM) | Seer if a SSS 15019 
sbi Sram oalime CO..c.. <5 arte ae aralion SO OUE LOQ a2 SOOO 15011 
MAS aline|CO- Sasa eel 4d ONO4 2A elo 450 14993 
eit Sem Saline Cot... ee OnO4 ss lL SSleoe 2 Om 12942 14911 
ILA |) SSeMOTNE Ceo ane eomtas oe cl) Oe ks) EO LSE | SIG XO. | 14973 
896 | Williamson Co........ 6.29 |} 10.68 | 3.86 | 130734 14930 
RS OOM MV itatiasoin: COm inner ee W OS I GRO | WHS 15000 


PARR-WHEELER—UNIT COAL AND COAL 


TABLE 18 


ASH 


Itririnots ‘‘No. 5’ CoAL FROM CENTRAL PART OF STATE 


Unit Coalm 
Total REFERRED TO Basis 
Lab. LocaLity Mois- Dry Coa 
No. ture B. t. u. — 5000S 
QO) 
Ashi | Sul,-|'B. t. uw. (1,08 Ashi == 2S) 
14OAR eB Eultomi Conse. 15 HOOM 2 52S Oe 2450 14527 
USO(S multony Coma LOS |) 1A O83 | DOS || WAS) 14510 
WSOS | lewilluort (CO- scuaces onc 15.49 | 13.43 | 3.81 | 12364 14594 
1S SOME tH COM: COMP crerate U5 S441 22254 o07 | 12666 14740 
LOGGAL |p Ibe SAWS CO. oobc006n0¢ SS Fa lS all 2 LOM ee Seal 254. 14590 
W/SSaiivimineston Conan: WP) es \| WA SESS | SPO | ASS} 14929 
UNOOG) Wika (CO. cede occ a5 - NOM WG I Sethe |) Aan) 14427 
TS /4aleViacon€ Ona. saree TAO tes S22 Seen 14529 
OY | Wile Ibieewat (Coy, 5 Sa ose e5 12.56 | 14.06 | 4.74 | 12299 14672 
TSA a leNic wean Conn. eae Ae SoA 282) 12485 14725 
1g4seieMenard-Comsae ee 5.95 | Ua RO (S58 || TSO 14627 
TA0SalSReortarCowe eee APS) | GS AO SacI || WOK! 14635 
NANG || WPeereeh COs: nae ao sae on USA BO | MOSS |) SLOW | AOA! 14755 
TAOSR eR coral Comer snare SOURS 5 23 Mes oS Ome 2138.9 14713 
1A OOE WR eorias Comm arias ete 13455) 162106: 3258 |) 12004 14786 
TAlOm ee ReoriasC Onna seen ae Ze || MALS: || GeO |) IPS a 14730 
SOG Sancamon Comes rie 13.56 | 10.76 | 4.78 | 12749 14589 
Uon\ || Sesaeepaaoyel Cosa ae oe od 14.39 | 13.64 | 4.61 | 12304 14593 
740 | Sangamon Co......... ASS ON Zeige lle 2369 14468 
741 | Sangamop-Co-........ 13.13 | 12.47 | 4.28 | 12416 14495 
1794 | Sangamon Co......... 13209) MARZ ON SS Sa 12133 14477 
LUGi | Caxaceyanvorn, CO. 250654 « 14.61 | 12.48 | 4.55 | 12364 14444 
H/O2nimoangamon | COn ies 14.56 | 12.85 | 4.54 | 12281 14415 
ViGOnmoancamon Oem 15242 1473 Weel OO 2082 14515 
L/O7jm| oaneamon Conn. a ta: 155m ZeOS a om SS 2340 14427 
177/05) Sangamon Com. .: .. - T4589) 01532) 4579") 12663 14591 
IB | Sener OOe cccdeces 14.00 | 12.83 | 4.06 | 12358 14486 
U7 Gu Sancamon COm mene wie tea eee led Ae SOs eZ ii 14447 
TEX || Sekmcenemora (CG), osc aae 6 TARA ilies Onion OOM Wet2.5:00 14557 
17SOmpsanc amon: COnemmes cer el OS || ALO 1 SOO) | AS 14574 
M90; sangamon Co.......-- NOE | MOLOD |S SOs) TAO SS 14477 
1m ie Sangam ons COnaeneere: 15.44 | 12.91 | 4.01 | 12301 14430 
L7O2R se Sanca tm oni Comair 15.38 | 10.14 | 4.00 | 12849 14578 
LBU2 | Semmnylige COW. 2 cechaee 12), 99942-76439 12709 14899 
LOLS erolallone CO). 5 fo.csc0 ones MESZGD USO Sm. OS eZ S173 14686 
AA a ie hazewelliC Ome waeenercrcte 14.30 | 11.49 | 3.90 | 12690 14623 
TAN SE hazewe lk Con esrn ty ZENS) Il AES) I Se S| TAO! 14569 
TIO || VC ANCOG 3 ns oe oo oe TA SSOn smo lm aron oO oA26 14733 
EHKOD | IL OKeeKal, Cove mic o eeaan eae Mal SS) WAS) cis || WAS/O 14392 
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ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 19 


BLuE BAND COAL 


Wnt Coal: 
Basis 


B. t. u. — 5000S 


Total REFERRED TO 
Lab LocaLity Mois- Dry Coa 
No. ture 
Ash Stiles ater 
(ee eChtistiai © Onanitcricr LI S2e 1S 50N 4771 2208 
eyOmn Christian COn. ns. .0- 5 6 Aly AUS 9297 N83. (Ol 2745 
4871 | Christian Co..........| 14.88 | 10.67 | 4.04 | 12696 
OO OmmO@MntOn iC On. ont ee ts 10.97 | 10.47 | 4.80 | 12815 
DOU | Cihianter (Co coccn ocd o onl Lk oOs | GOS) Sewo |) laws 
Reem la@linton Connotea ce Lom Lomeli dion ele Ol mli2509 
Nil |p (Cihiohworl Cor, oaeene ecco. T4581 16256 1) 2599 itos9 
Asa Clinton Corn. ose eel Ll Sou LOM Salon 9 Oulel 2659 
MenOmle Glinton COn.6 joni) Lee SO Lolo men plac 
ISAS || DCE VE COs gnoooe esac oo) COE | NCO |) SLO | sew 
oA ome dear Con. st .cs- een beeO2 ued dnd 2) lesion lied Zed 
AlGsil || LigebattdWresy (Coins ooo nos auc 14.40 8.08 | 1.19 | 13400 
A@> | leewaltdbbst Colgan 55 oe eno: IAL il) | WO). etl .60 | 12985 
ADO) j) Aovealidhia COs > aeoccun oc 10.06 7 ops SOih || AIS 
LBil@. | Wienaldbva (Goes oe. ous o LOPS hetOr29 .78 | 12945 
W2Ve) eranikdin Cos 5. .acen-: Seek mele So je Zaeleoaml 2 Jie 
W/o ee ramiciny COM. ce yee 9.09 Soves | Meal I eas 
A Omm cam kine COs eerie 9.11 Oo | WSS) || ISGAO) 
yin ee ranidaaCO... acne as) Onto #284 || WoGS | Wso2~7 
WOO Miptracksom (COn cr. PRL | USO Sass || ORD) 
AS OOM ackson:Co2s joc ase ORVAR ILO 222 .68 | 12970 
Goda mietersony COnmre naar 7.48 | 11.35 | 3.34 | 12824 
LODZ |) emerge Copocs asses. cere) |) AA AIO) | oaks) 4) azoalal 
oom vacoupin Coe. emer sae 12.80 | 10.86 | 5.38 | 12469 
(SGuleMacoupin' COn- 517-1 12.71 | 11.40 | 4.41 | 12360 
ovm eNiacoupin Coe. ea. oc WARE MASEL | Seiten) AASKOs! 
(Su vlacoupin' CO. .44- 6 12.80 | 11.90 | 4.33 | 12440 
Aelia coupinl CO. scene aor 12.89 | 12.68 | 6.49 | 12214 
TS O2m ie Macoupin (CO... s.4.5 «6 UST OSH | WACO Sy 29S || agi 7/al 
TAS. |) Mievoh Sern COs sooo uc a TEE G S ar lie) Dar PAS Salle 27Oe 
I ianVadisonmyC Omran. 2 ero LOPSSH ORSON Ae 226 Sa 
eS Vacdison Con. wan a. oe TAO LS Oo eae Sea pala 
MOM Madison COs. sccm sen UE PAO GLa i) Sy GP | AES) 
A OOmme Matton CO.” sa. mr eer 10330") 145965 se Gd 12167 
1842 | Montgomery Co....... 13.61 8.50 | 4.37 | 13473 
1864 | Montgomery Co....... 12.84 | 10.58 | 4.30 | 12743 
1863 | Montgomery Co....... 14.76 OO SRA NOONE 22 
1873 | Montgomery Co....... T3221 ae i OO eb 70 
AD Wil Bese eel Coleone Mice 6 wank OSL Ae did .98 | 12181 
SAG lf sl Btes mane Cer commnare e, asa ESOS) 4) PF Sosy o)- A SON |] TARY} 
MOM am ners © Ome ncn seiyene eee NOVEL |) UNS) SP) SOS If) ZS 
IOUS |) Deen Cor cumogaep sb on SU | USS 52S |) WIAOiI 
OOM err yO ase. ne eine PL SSO a Saas 59 
OOO mb ertiiys CO. k tein. ce ee ane 10549) 12517 I Sie84e) 12364 
ISOS jh Ibsen Cosgacnsccode 10.55) 12212554. 507123083 
HOMOT eNandolph Comarca NOS HAIN MASS || Seer |i ovis 


00 
(1.08 Ash + 74/9 S.) 


14448 
14405 
14484 
14614 
14596 
14342 
14262 
14459 
14512 
14734 
14715 
14722 
14597 
14519 
14590 
14491 
14595 
14679 
14734 
14897 
14603 
14735 
14655 
14301 
14238 
14477 
14419 
14369 
14441 
14692 
14457 
14303 
14485 
14720 
14990 
14534 
14398 
14522 
14517 
14456 
14607 
14534 
14471 
14359 
14412 
14385 
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TABLE 19 


Biue Banp Coat—(Concluded) 


“Unit Coal” 
Total REFERRED TO Basis 
Lab. LOCALITY Mois- Dry Coa 
No. | ture B.-t. u. — 5000 § 
1.00 — 
Ash Sule |B. t. us \(1/08 Ash =)3/e on) 
HOMOM PNA DG Olp aC Onna een OBO Sate sm leo sg ON e240 14505 
LIQORESalinerConwe ea. eee ye OT NS 7) | SS | SASOS 14830 
ieee \ Seuneevaneray (CO sooo can. 14.96 | 11.04 | 4.55 | 12640 14503 
IMGStieoancamonyCOnn esr se 14.69 | 10.98 | 4.95 | 12503 14349 
OO Me Sam Oana One © Oma etnies Tey || AAS |P Sy sOsr | 2572 14425 
TDS alee © Lait CO neers een ies 2 GI QE 23 eae sii L260 14676 
APN Si (CHEWGE (COs onc ane oo 1222/3 QO || Saas) || NAY 14612 
OO MES tea © lait © Ore wea wea: O_4O || 1S SO | 4h. 76 | Anow 14895 
Ko | Stee (Clleme (COs vc eno aus oe MO LOS |) WA Lay |) ZB IG a) ASN 14694 
COCm St. Claic Cones ana Q7A4 | 11 2354.37 | 12723 14630 
HOO ASS ten latte Com cera eee 1S, 74] (25S | Pens || IASG 14512 
OOP, I Sie (Clenre Oey sso woos we 1S iS) || WS 8 | BAS || Pwo 14486 
1OOSalt ots C lait CO mene aay ens 9.41 | 12.94 | 4.90 | 12701 14948 
LiDO || Sho, Cllewke COs oc nono) UOSOU YAO IP Ze. 700) AOS 14593 
UESOME Sits Clans Cow wmancnice. ts Tie ahah Wy OOO |) Cha Pk | alba yes 7/ 14625 
DASE StaGlairiConatyerree USSSA On U2 (Sa eeO2 2423 14549 
WOO) | She Cleve COs occacnon coh Wiles Ize | SOO | NCOs 14435 
SV avy Chimilionn ©Om- en aaa 1256 Oy WS WL Ae le TKO 14537 
xe i \Weraaabll besa) (Coys on gone © 12.96 SLOSrind. 738.) 13304: 14626 
1540) 5) Viermlions Cow... .- 4. - iin elie O Salat oie dee O01. 14463 
fo ACmime VetinilOnn COnmrer rene eg Sr || WSs) Su | PRE 14761 
YA’ |) \Wercaabib vera (C05. oooh aoe 13.41 OE Ow S52 a) LSO8s 14748 
164 3a WiashinetoniCoOnn.-ns- 10.41 | 11.34 | 4.35 | 12468 14351 
fi Oi Wihite:Comtnas seen sl conta ddl SOM aed 6 ied 7144- 14708 
WSO) || MiVGUlibrewanoral (Coe, o 4 io. e 9.99 SEO Le Osmo o 14701 
Aco mWalliamson Cova. OPS Ol eel Oreo ele Om melo Occ 14724 
LOSS titatasonw © Omer acta (On OO) |) MOS OS | BESO | WO: 14795 
AOZa I Williamson Comes a -ee 9.39 7.66 | 1.89 | 13475 14754 
TOM onl WitllitatasSom Come ae NOAS ONO leOOnlmio22 9 14763 
NOMA |) \Weillieetronvsversy (CO).o ¢ eb aac 6.12 | 13.76 | 4.42 | 12461 14799 
TSO alliam Son Conese 6.80 | 11.84 | 2.96 | 12788 14770 
1613") Walliamson Co... ...- OROOM AOR Z Suet Onl o Osis 14742 
SOc Valllvanaisone © Onesie 9.75 Salsa ela 13458 14791 
TSO Sale Wallvamson: Comme mere 75Sa( 12210) | 3.85 812698 14745 
1806:| Williamson Co........ 9.79 9.85 | 2.19 | 13048 14676 
1804.) Walliamson Cows... 5... Gane | MELO. || Oe |b aeisily/ 14800 
LOAM Walliamson, COmas. se 8.86 QYEOS | Tsay |) ALSO} 14685 
1OTSeimWallramsont Comer: sea 9.34 OY KO) | 1bS E5 W) ileie 14739 


APPENDIX A 


TABLE 20 
Unit Caazt VaLuss 
Compikd from Bulletin 9, Fourth Series, 1908, Ohne State Geological Surver 
Sakata wee < 


Axwarysss or Caaz “Unit Coal” 
: as ReceiveD Basis 
Ne Corry : 
’ B_t 2a — 00S 
) Mos. 


Sel 1.00 — 
tere Ash pher Btu (108 Ash + =),S) 


Czarrex aor Ne. 4 Coat 


) Lawrence... 8. 6.34 | 17.41 | $5.29 | 10741 14562 
) Laweence._...........) 5.86 15.28 | 3.96 | 11133 14547 
Lawrence... <.. ... 6.12 @.O¢ 3.62 11957 — 124508 
Lawrence... ....... 6.00 11.86 3.10 11734 i4es5 
SRM <5 cannons 6.32 9.34 3.45 11763 14272 
OS ee 2.2 13.70 6.214 11495 ~14545 
ee 3.32 13.34 6.08 | 11382 14436 
wannnassnssacs-f S.62 | 8.09 | 3.70 | 22279 14465 
: RE 4.93 9.90 4.08 1216. 14538 
RAEI 4.72) 8.61 | 3.73 12361 ~ 14505 
Re. 5... ' 3.33) $8.40) 3.72 | 12206 14387 : 
Nhat ee 4.72 12.21 4.16. 12040 14640 
_ eee 4.32 | 8.85 | 4.23 12337 | 14505 
Wantem. ...-....... 5.5, > 3.02 | “B.S | 2.82 | 12469 | 14639 
\_ eer 4.62 | 11.10 | 5.28 12053 | 14645 
Wantem................/ $.02/ 8.92) 3.32 | 12528 14780 
: ee 4.935 9.32) 3.83 12445 | 14775 
Awerage. ... ~~. .......) 3.34 | 10.80 | 4.33 / 41947 44551 
b Lewer Kirranins orm Ne. 5 Coan 
Lawrence... ... T.37 | S.7e | 3.20) 12199 |} 14830 
Lawreace__...... 5... | 8.07) 9.72 | 2.23 | 12927 | 24727 
j * ctagag Ga cee eke $.3@| 7.42 2.65 12190. 14679 
7% EE ee » 83 | 10.16 | 4.72 | 11868 | 14612 
Re 6.72) 7.12 | 2.58 | 12393 | Mase 
) | Mieshieqema.........../ 5.03 | 7.277 | 4.90 | 12560 | 14691 
; en. caer 2*6 og ~ * 13664 13406 
= aS 5256. 2.3 7.71 ~23 )12902 13061 
m | Mahoning... 2-2.) 3.23) 4.72) 2.17 | asst 15141 
Ree oes 6.18 | 7.sels. 26 12578 | 14863 
Manazs Kirtaxine or No. 6 Coan ¥ 
Lawrence. _...........) 5.99] 4.82 | 3.61 | 13165 14937 
Lawrence... =... .. 6.64 10.92 | 3.32 11927 14749 
Gala... 2... 58. $8.08 $.52/ 3.68 12091 14733 
mihwers = <=. Loe OS 6.36, $.49 )O.32 124) 14764 
Atbeas. ..... <5... 5... 6.27 7.82 Q.90 12362, 14511 
Athens... 25... 6.70 | 6.73 | 2.28 | 12488 | 14363 
een mec, Set 
I 
—_ ~ 
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TABLE 20 


Unit Coat VaLtuges—(Continued) 


ANALYSES OF COAL “Unit-Coal” 
AS RECEIVED Basis 
No. CouNTY 
Joan wh = SOOO § 
Mois- Sul- Mi. 
ture | Ash | phur |B. t. u. |(1.08 Ash + 72/,,S) 

S51, Athenek: tes, 6.80 | 8.05 | 2.14 | 12229 14547 

82 Via boris eee eee ers AS OON Oro 422 52321 14802 

81 LO CKin Oey terete 6.52 SHOS MSR Oo 2a e630 14666 

SORA heniSean ee ite te 7) 6.72 |eOS |) 135s 14488 

90 DANG Ges oie) ee ae ey Ae 7.28 Ono ORSON 120409 14552 

86 ETO CK Oi arewrr pease eS SIS IO. | IPS 14552 

87 ELoc lanl overwinter nee AS 4.81 | 0.66 | 12703 14563 

88 Elo clin 9, emake cee mecad Aree 7.40 5.00 | 1.06 | 12649 14542 

80 lnloyelienohee son ob oan ac S59 OOH | BSN MBAR 14548 

79 Perry arene, weer ase ee Hed AG | AS VAUNCO 14534 

91 Deny eater ror eee 512 5.4! |) 1 OO) |) 1256 14510 

78 Rect yet at oe eae 7.00 O= 9S 23ST 12384 14569 

92 1 Rte aaa ed ye Rake ets 525 OFS Online Ao | 12191 14620 

93 | PSs eigenen) een teres ee Se GON 1On 1024.96 | 12035 14649 

95 Dery aaah © ae aie ce Os, 6.64 | 2.43 | 12425 14513 

94 Rernyar cr cose eee cP SAO || Dae | Met 14562 

97 IRte iniee terenaerataccsas he aa fore Sy, 110) S45 | S38 | IVs 14600 

98 Pern Viper rae ener ees 6.40 7 S| 2A | M286 14569 
101 Wikciguesa¥egebo S46 5 oo bac 5.08 9.77 | 5.54 | 12244 14716 
100 MES eanyeibren, o Sco koaaec 4.67 OSS) PAROS 7a. 14756 
96 Masking um ana. e D102 9.56 | 5.97 | 12164 14581 
99 Wiigiorae(eran., sas es sco oc 5.44 IRS || Se | WPASO 14663 
104 || Muskingum. ....... 5255 5.23 | 3.63 | 12944 14703 
102 WieiShorsetibagl., 5 55 Go 00000 4.75 VBS |) SaSsy |) WASH) 14668 
103 IMitisanie 1a eyecare 4.62 6.58 | 4.49 | 12827 14689 
ii Coshocton eres ee 4.37 Soe | BS Oil il IO 4% 14643 
Ate? Coshocton. s ie 10.93 6.64 | 2.03 | 11039 13871* 
108 Coshocton sie 4.33 559400) 1 13084 14736 
109 Coshocton ee eee Sl2 EL O2 || BAVA WDM 14708 
105 (COSnerewor AW aanoh ae 5.08 Od) | ABB yf PWS 14661 
110 Coshocton ase SOON Se 2 Sai Sl 20.0 14159 
113 Coshoctonmen eee 4.44 ARADO lose 14702 
114 Coshocton aera oe 4.58 Sofa | S250 |) 280) 14589 
118 Coshocton ase ser yee S200) 45S 612290 14546 
120 Coshoctonme awe ee 4.50 § C7 | 8.63) 129A 14623 
107 Coshoctone ae een 5.40 SOSmiaS ee 12940 14641 
LBS) ANSISCAIRANWINS > oo coda coos on LOU || SoBB | WPSES 14733 
fill MUSCAT A WAS ie 34d 9.38 | 4.88 | 12548 14686 
ifiles Muscarawas enemas AL 5 A WW AOS | POSE 14637 
130 AUR CATENWEIS ls An 2 ones 3.78 SRAQ Sool 12782 14808 
129 ANURCAWENWEIS. Bot ooocene 3.81 6.01 |) Be | WSs 14774 
124 INESCEMERWES. odaconnoue 4.10 Sail BBS i) ABO 14730 
134 AMBIGGAIR IIIS. aan c ona 6 6-c Sms Ge OS REA 12 13149 14865 
116 ANESCANRNWIEIS., 6 ocd oa on ox 5.19 S80 | SSS) dene 14613 
128 ARC GAMENVES. comenuce ee 4.30 AOS | SOF W WAKIOA 14546 


* Low B. t. u. due to weathering. 
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TABLE 20 
Unit Coat VALuEsS—(Continued) 
ANALYSES OF COAL “Unit Coal’ 
AS RECEIVED Basis 
No. CouNTY 
B. t. u. — 5000S 
Mois- Sul- 1.00 — 

ture |) “Ash 4) phur Bets ws ||GeOSeAshi tr 22/5055) 
iL @oshoctones sae See ele OM melilee2 9 he omOOM mals oo 14481 
106 Coshocton. eee OS O Ge le | Se PP eral 14609 
PA AISCALAWIAS A cae eRe etn: 3.52 Cyl || Si | ASS) 14705 
2, AM BROCRENIESS ao oc ono od 4.94 EO) ZENO |) IAS 14706 
23 “{MoRCANR AMI ISo oo au ono oe Boul 709M ADO 12375 14761 
132 Garrollin ac estan SLO 627974) SLOG NE 1S028 14760 
138 MISISCaAa wast mn einen 1 AS) AL EVGy || 2a {| AOE 14820 
127 sUSCAaTrAaW.aso aya mente 4.66 nh | SAS | MAYS 14525 
119 EMOIIICSiys 75) 5. Sele eee Geol: ADA el OOM T2524 14230 
125 shnscarawiaSe eae 4.69 9.06 | 4.70 | 12386 14649 
126 MNESCA LAVAS er Een neenG 4.92 7.04 | 2-91 | 12748 14676 
135 Stale tae, see eee 6.66 3 I OO | MPSS) 14971 
137 Coltmbianance nee 3.60 AMOOMpileeOmel4 020) 15401 
139 Swale cog oemn er ssds cn wes | OOS | Ast | aise 14973 
INNia 2 OE a ERA Cree BE) 180 | SeGoO Ys" 14644 

UppER FREEPORT, WATERLOO OR No. 7 COAL 
147 Wawnences. same cere eer Ho I VOLO | Bass |) alausxonl 14824 
144 Wawnenes 9. eens He OS S| aye I) SA 14465 
145 Wawten ces kets scade anne 6 SW! Sepa Sule Sin etesies 14396 
146 Waninen Cea =. eaeier ieee SEAS le? Sa SOMO SS ela 529) 14547 
142 Goalliay i bk eantese eis UF || WA SO steak | aL ito: 14586 
140 Wanvimen Cenc ante mets uate ous 8.91 | 1.31 | 12089 14570 
141 WawrenGe.., cain wkee ete eee Cid, Sat lo Ono es5:5 14517 
143 WawteneCes +. 25. 092s 8.38) LOROO Ie S4 e695 14556 
LAG ee ee EAR PER ee SME NW NO Sak Lee |) aero 14531 
Upper FREEPORT OR No. 7 CoAL 

148 Muskingum fe akew uae 4.89 7278) || 436m 2499 14566 
149 Muskingum Sele a eeoiecet tate 4.72 Looe |h S.OO. | TAORS 14736 
150 BVIGHS iit 100 seater ae Seti |) WACO || See i) exo! 14667 
ily GocshOCtOne=. ero ee 6.40 Or LOR 2 OM ets S5 14694 
UNG eerie neh eas AO eee 5028 The (hsx 1). Ghsh0)> | SDS 14665 
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Unit Coau VatuEes—(Continued) 
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ANALYSES OF COAL “Unit Coal’’ 
AS RECEIVED Basis 
No. CouNTY 

- B. t. u. — 5000 S 
Mois- Sul- 1.00 — ; 

ture Ash phur | Bet. |(O8eNch tee sey 

r =a 

PitrsBuRG oR No. 8 Coa 
25 (Galli a Patera mcrae es agente -teh0) || SO OKey | 48 SHE I Lily 14301 
Bit (Grail lias eee hen Ee hac tiee 6.98 (083 4) SeeAh | sherk) 14413 
28 (Gallia a ean ee ee 1.83 9.76 | 3.89 | 11779 14575 
26 Ga lliaee en tee ee Cy ther \\ aStaOe |! Gasi7f |) ane 14614 
WS) PAYG T) Site eure ene onacicn ate Me vhs 8.00 | 4.19 | 12299 14618 
24 INCICHIG EER. Sate aa aes OLOOM TOR ZOM or 41a S92 14560 
24 INthenSany eee cee 4.51] 11.49 | 4.88 | 11945 14553 
22 Mongdtib dieters een tones 6.87 SLO KAS 225 $2100 14504 
9 iBelnionteree a ee ASVES) OFAZ NM monOO e290 Si 14134 
11 Belmonte ae sei nee 4.08 | 10.61 | 4.95 | 12476 14961 
8 Belinonta cera eae. ie 2.91 SUOOM RASS 1a lets 22 15099 
% IBGlimonitenres- nae oe Seoul 6.86 | 3476 | 13185 14937 
4 iBK bso Manes ae oc aca OOS 3.80 Oey | ZEW | SIA 14933 
7 Belmonte nee eee roe | HSS. || AL ASA AGLI 14920 
10 IBielimonithccs ste toe AL Abel | abe |) AL Ger |) aie) 14976 
6 IBelimontare wien Bohs | UO. eye I 2e WG || wey 14794 
5 Belton tenes ee eee AAG | 10.76 | 4.45 | 12425 14977 
1 BelimoOlteccun ee ee 3.39 7.86 | 2.97 | 12991 14850 
2 IB elanond tant nome tr ede Bie HS) 9.00 | 4.16 | 12861 15027 
Gag) Belimontha.-) aeons ne AN DS | SHG) SS | BOS. |) aI 14840 
DOs Clinont ane eee ae oe 4.23 OY PL || Ze SLG/ || GIAO 14842 
i) Wietherson--cmr ey erent Sele) Orb | sissy || SIP R/S 15008 
15, CfherSOni. staan och ROL! S22 OZ e1i3019 14943 
15a pene De ea NT Pe, Ai) SOOO MoS ael27.S9 14980 
18 le levmetGrn, Gaya n.c oo 6 an 6 OnBre ob |) Ao | eT 14829 
Pri atSOne ees 2a haere: 5.98 SON aL etsy || cilbxorey.! 14853 
20 IslekanISOIM A noe oon cou 6 3.834) 10.88 | 4.38) 123155 14798 
16 Jefferson Ay 89 10k 46) /84),.09) ot 2505 15095 
13 NCTCtS One snes cr 4.96 6.45 selena 099 14938 
19 Wetkersonkysuerres sree 4.18 3 PP) || Pecohes | ASHEN) 14928 
14 iemersoierstost eter 4.30 (as SalesO1n | -12859 14858 
Az ieiniesnstevalns moma on Coxe SOD ks) | BOLE |) APES) 14995 
VeNn peeey Races SRA ATURE Raat 4.70 PANO |) Stal |) IWS So 14835 
PoMEROY OR No. 8a COAL 

34 Gallitatets aeons So ZA eA Ge (2 Sa 4:9)7, 14561 
33 IMCISSae etree hn amp na os Abeteacy | alas eyed OX OA Ns la Kayan 14718 
29 MGI GAi Neen ores cchaegs amcuers: sts 1 os: SAO9e 2 eO5elei 2105 14608 
30 IMGT Spe rt tetenec ort ve en fanaa, OZ leo 2s |e 2002 14552 
31 INR cos eacusaeddadal Sesto, Seip auaale, |) seer) 14588 
So IMICISS Game me eet pean sten tots is AO Os LOO Smale s Gum mel dase 14618 
WAS Palette sass ee viewers 6.7 Oe MONSS 92542) 11873 14608 
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TABLE 20 


Unir Coat VALuEsS—(Concluded) 


ANALYSES OF COAL UniinCoalie 
AS RECEIVED Basis 
5 OUNTY 
No c B. t. u. — 50008 
Mois- Sul- 1.00 — 
ture Ash |) phur)|B t.u. |(1.03 Ash +> 22/,5 9:) 
Meics CREEK or No. 9 CoA 

53 Wiashin Stoner eerie DEO SEAS Oo oa iela2 4 14946 
5A |) WYER AEROS 50 oc om Oc 3.40 | 9.58 | 5.03 | 12749 14970 
44 INO bles Rocecte ae clare SOO WA SSIs || LOO | alesis 15011 
45 INODIG Re ter chan ee ae DE OOM 10 LOM e427 ae e2692 14895 
43 Niobe tes ae a eee Prive aie | ye Kor || alpabyil 14918 
42 INODIES ee hoe a ee eee Bl || WAS |S CO) WS’ 14827 
50 MOT Satay sey, Wieck seerereny ate Sel oalelts 74a Aes OOD 15270 
48 Morcatiee yuh) meiner her sake yO | NOLS | CeO) ea 14621 
49 Morgan stern ate: eee A O74 | 10 66ulkor Oya 12202 14637 
47 INODLe ao 0.5, 8 ee oe Saeyee || TSE PAS | Moe | LEIS 14787 
46 ING DLEM AS. ceri aee cee es 4.85 ee N S58) Ih esol 14757 
37 JBXolkantsvah oy mek als cna ciate. o BATE W AES OW So A7h || I AOOY 14870 
40 Belmonte © aeaieices 3.40 | 14.94] 4.39: | 11840 14890 
41 Belmont) samo eee Oy Oa de SA aS O17) ale ook 14947 
39 Belmont: coca eee ALY 9560!) 3511 | 12602 14863 
38 IbelimOntys so pater AS SIM ROS adi O Am ea SO, 14888 
BOG BelimMOntaae ss: erae oe TS a 2 ee Ae ete SOO 14846 
36 Belmonte: eee AOS MZ S228 A ee O74: 14846 
35 Ela ttiSOMe ‘cere eee SSD el LORZOM 2 2 Ola 239)s 14919 
INK ce 5 OER De CnS ALA it OOm se kena 24-0 14845 
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A NIENOIRY Wil 


Unit CoaL VALUES 


Compiled from Bulletins 261, 290, 332, United States 
Geological Survey 


ANALYSES OF COAL “Unit Coal’’ 
AS RECEIVED Basis 
State| Table CouNTY 
No. No. B. t. u. — 5000S 
Mois- Sul- 1.00 — 
ture | Ash | phur |B. t. u.| (1.08 Ash+”/,, S.) 
ALABAMA 
1 1078M* | Walker........ Wasisy |) also} Bie eeleZ OO! 15509 
1 1ZOLCE al Wialiker iia omis Dees, | ads, Gye .72 | 12856 15313 
2 MOS IVa Wiel ketene aie DEDS Q2044 1209" 13133 14967 
2 VOWO Mama lker woe reae DADS trot Sale led One 2OO5 14879 
2 Bodie a Walkers eases dae LOR ale lie Son 2596 14992 
2, 1225C Wralkerin cease On eb 2c Sa ide Oia ts 5.0 14879 
23 SAKES Wiallxe rues SO Sia el ae SOU eves bali S5. 14722 
3 SCHEIN Bsa sen Bea SiG Se OSM lL Ou 2 .49 | 13034 15285 
3 B25 5 Cap Bib bi rae eae De Pe | NEE Sie 58) || TAZ! 15263 
ESOS 4 Nina! Bibbs aeiaeeee Ow Salat) 1227114396 15536 
4 3103C BD Darrian tien O44 3a 12292 191 O08 1012395 15616 
5 AOOMUIME WIEN OMIM at odo oc 2.93 Bethe) .65 | 14693 15636 
5 4252C JeNeeiates sooo nos 59M e6;.08 i 1240) 11906 15518 
6 4293M | Jefferson...... P} ell Sel .59 | 14643 15701 
5 4338C ietiersonmess-e SIS (ye 7/1 .61 | 14074 15747 
“ARKANSAS 

1 1045M | Sebastian...... 102 THAD Wl Onmk44 34 15927 
1 2585M | Sebastian......| 3.53 Ted NAR ZO A OTT 15971 
il 1114C Sebastiane..eon Sr Zan 2s Ole he24aa| est 20 15846 
1 2689C Sebastian...... TRAD ELT 9 (elle OOm at oo9 15604 
2 1049M | Sebastian...... .95 6.97 AE2 2AM 4S 87 15806 
2 1160C Sebastian...... Be PRR) OR2Oa Mes also 0 15733 
3 1115M~- | Sebastian...... 1.60 C91 Wy 15425) 14162 15818 
3 1296C | Sebastian...... ZOOS sl ele2 Se els 4O4: 15849 
5 1130M~ | Pranklin........ 1.38 On 955 25 a4 S30 15790 
5 H3SICe ai Mranklinec. seo eo Onlel 22 OSalmieO Sule o259 15761 
7 '2593M | Sebastian.... .- gO De Ol el oo et 4236 15945 
7 2688C Sebastian ays) De4 7aeld 2692402 12690 15582 
(M220. a oebastian.«. 2s (OsSO unt SeOOmm2 240m 2060 15787 
SMO ST NL ale) OhnSOn aera See 8.46 | 1.84 | 13793 15797 
Seaez44C. | Johnsonae asc 5.19 | 14.01 | 2.05 | 12460 Seu 
9 2599M | Sebastian...... 1.99 106 Wl -OSa o14087; 15628 
OM 2090 4 Sebastian... 0) 5+260) (1245610 te OOnl O24 sit 15434 
TOM 2047Me | Quachita:..... SORSOn MESS aS 5877 12551 
OMe 2OC. sOuachitarcaene 39.43 9.71 .49 6356 12717 
iSeeo7O8M |) Pranidin®. 4.25. PRS ile Sak || Sy | ae 15898 
13. | 4626C |{Franklin....... 1.76 | 14.96.) 2.29 | 12926 15853 


* Samples marked M are mine samples: those marked C are car samples of various sizes of coal, 
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Unit Coat VaLuEs—(Continued) 


dT 


State 


No. 


WeSC 


1607M 
1680C 


1383M 
il SAKE 


| 3270C 


4156M 
4320C 


2854M 
2972C 
2856M 
2991C 
4385M 
1648C 
1694M 
1786C 
1871M 
1926C 
2020C 
1741M 


3003 
1625M 
1635C 
1639C 
4247C 
PSIG, 
1341M 
1417C 


Table 


ANALYSES OF COAL “Unit Coal” 
AS RECEIVED Basis 
CouNTY 
Be theo 0008S 
Mois- Sul- 1.00 — 
ture | Ash | phur | Be ts | |(e08 Ash 22/Enom) 
CALIFORNIA 

Alameda. J... IRS OA || MG She) ISO 8105 12699 
Alameda. . on. 1S P1549 SOS: 8507 13243 

COLORADO 
Boulders... 20.02 Sil SA) WO Sy 13477 
Boulderaesee 18.68 5.99 | De | OUAs 13570 

FLORIDA 
| Orange. ss. ..2. PA) ACO) Mtl eet ASI 11076 

GEORGIA 
Chattanooga. . | 285 7.84 | .67 | 14198 16039 
Chattanooga...| 3.80 | 14.49 | 1.27 | 12791 15939 

ILLINOIS 
Clintonwerrr 13.43 OAS |) Since |) WOSS7 14395 
Clinton eerie 11544 10 71 4 94 10958 14422 
G@lintonmerces cee 11.64 BO Oona bent eZ 9O 14416 
Clintons ASS VS ZO | Ark OWS 14666 
Clinton esse 15.06 Syl) WOO | WO 7/A%6) 14435 
Ipsgevaledatiol. po choos O). 50) | i aah Sy) SOS 14783 
JOhgenollidboat an adie ¢ 9.46 Se Lae eOS ne 1 O90 14745 
Inertial a so oe Oil | TOVARS i aN BS alata 14651 
IMgewellhin. 6 568 9.90 Tinie .48 | 12001 14699 
ranichinives see 14.91 8.93 52) 10958 14545 
Bree valelbhals 6 6 oof HOR 72 9.36 .91 | 11686 14800 
WaySallesmn aie 13. .S:72-10731 | 3).44 12110985 14790 
ain allem ee 12.39 8592: 32.92 11399 14784 
Woganresmamas| Pons NAAN I Si cesyile || AOyAlS) 14482 
Macoupin...... US p4 7A9) SOO | Ze aOe Ir shakey? 14641 
Macoupin...... 13.54 | 10.74 | 4.03 | 10807 14599 
Macoupin...... NC | AOE OP Ge Noy I) IONS AO) 14627 
Macoupin...... oe2oalt 53a 3 Sl 9790 14528 
Macoupin...... 14.68 | 13.68 | 3.88 | 10053 14409 
Madison. 1s an 15.09 len, So) le oludeot 14533 
Madisonme se. 125 Ol G41 332) LOSOs 14552 
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ANALYSES OF COAL “Unit Coal” 
AS RECEIVED Basis 
Table TY 
No. Oo. me B.t.u. — 5000S 
Mois- Sul- We oO 

ture | Ash | phur|B.t.u.| (1.08 Ash + 4/5 Ss.) 
5 1556C Madisone-- =o - OP) MOG PD GaZe 9319 14523 
7 1609M | Madison....... Sve i) abl See |) ZS) |) KO eke! 14425 
7 1611C Madisonasenna: 11.46 | 17.31 | 4.40 | 10026 14542 
7 1780C Madisonmen na LOL S35 TES |F4 S3u Ost 14618 
Die TON || Wladisonen a. 15223 9.03 | 1.59 | 10901 14595 
21 2852C IMadisonte rns US SE |) AIO), OS || theses |) LOSOZ 14517 
22, Dini Nias Miadisonee. ieee 13:55 OMS aol OS si 14566 
22 2905C Madisonieee ee WA Oak | Abe Oh f SoSZh | MMOS 14554 
22 2896C Madisonmre-ee UO | WA Sah | 42.85 |) TKONOA 14480 
23 AM ea MAGS ON eee 13.07 | 10.06 | 3.59 | 10949 14535 
BS 2819C Madison cen PAT ele SSA ae OSA O 14360 
DS 2803C IMadisomer ice LS OSE Lomo Oars 9655 14483 
29 3911M | Madison 14.25 OFA eae el OS Oz 14566 
29 SONSIWL If Weve bisvernvs 5 ale oc 12.69 Se LO meseO2 a tee SO 14571 
29 3958C Madisone. ae 1A ae 6ul 4a LOO OT 14602 
29 3963C Wadisonmec see 13.10 | 16.00 | 4.17 9983 14519 
29 3980C Magis Onvrriseee 12225 AOS aes oe LOO 14578 
05; 1/25 Me elation: eerie NO. 2s 1 VSS) Sev || WOT? 14683 
15} 1761C Manrionnreeresen OSLO. | SS I) Sree || MORO) 14622 
6 1449M | Montgomery.. .|14.89 PRT N SOW |) VAOUS 14518 
6 |1661M | Montgomery...|12.90'| 11.08 | 3.78 | 10856 14602 
6 |1557C | Montgomery.. .j14.43 | 13.28 | 4.01 | 10064 14290 
6 1702C Montgomery... .j11.93 | 14.18 | 4.29 | 10303 14332 
8 MSATKS Montgomery... .|13.20 | 12.53 | 4.47 | 10514 14673 
1 LOOSIME lSios Cites ax Getta e WN SALE | AO HOR EAA) Ae DS} 14612 
il 1261 StwClairsea ae OF sells, 200 ea On at 1025 14675 
2 152 Sten © latter asa 12.03 | 22.44 | 4.00 9149 14542 
30 SONOIM Mactan Claitne mmr 9.88 | 10.81 | 3.83 | 11439 14733 
30 4364C SteClaitien scssee 11.69 | 13.19 | 4.38 | 10699 14625 
31 ADSM | oSts Clewies Soo 6. oc 14.38 Be fd SAS) Oss 14375 
on 4376C Ste Clatre sere TS Ed OMe sh 25 enor O On ml OSiOS 14423 
14 1704M | Sangamon..... 137.89 |) 11526 3835 10636 14540 
14 1740C Sangamon..... WAS AT | Nal eres (|) 252K Ip MOY Si 14607 
21. 2897M | Sangamon..... 14.29 8.18 | 4.41 | 11007 14488 
PAY 3052C Sangamon..... VOLOOE Se ioeeOS 9940 14554 
34 AAAI PSBBREISS 6 6 56 0 0 5 Uf byl 7.48 | 1.58 | 12686 15091 
34 4636C Salinemame se OPS) |) ME A Oe | ala yyy 14984 
34 4622C Salinmes nner oe Uae 8.38 | 2.36 | 12418 15029 
3 1170M | Williamson....| 7.50 Teas .99 | 12386 14646 
3 1318C Wallramson: . S2\es 50nd lea oar iaeo 14916 
ial 1634M | Williamson....| 8.30 9.26 | 2.82 | 11999 14794 
11 1654C Walliamsoniy 224) 4.70) LOOM sO fae dlos7 14835 
Wal 1660C Williamson... 4/"8. 867) 11664" 25 46702 14956 
11 1718C Williamson....| 8.61 7266 | OS a 223.6 14797 
He £L683M. | Walliamson.. 2) 8.29 | 1OS83n 258i 11337 14867 
Qe iTo2C. |) Walliamson= 52.) 8-2 On li2 Ooms ea oaalooe 14740 
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ANALYSES OF COAL “Unit Coal”’ 
AS RECEIVED Basis 
State| Table CouNTY 
oO. oO. B.t. u. — 5000S 
Mois- Sul- 1.00 — 

ture Ash phur |B. t. u.| (1.08 Ash + ”2/,, S.) 
12 4201C Williamson... .j15.87 OR 2 a2 SAa el Ons 14701 
12 3907C Walliamsone, 2561) LO 507922371) 11 0660— 14647 
12 4085C WallldatasOnieee lomo mim OMA amon oo mh OS20) 14846 
16 Aone le Walliamlsonim.s Oo Oth |) S25 | eos 14632 
16 1820C Williamson....| 8.43 OPGOR aks ie O59 14772 
28 3629M | Williamson....| 8.72 ec O2 a ee OOn et 2200) 14727 
28 3789C Williamson....! 7.78 ORO ST 1 S2 I ili959 14770 

INDIANA 

20 BOBOMWE CIN. bes eo Se 15, 88 5.88 | 1.95 | 11680 15004 
20 3979C Glace fees Gere rite! ay sOrh NN So 9524 14900 
15 3473M | Greene........ Seo 73S JOS |) alak7Os 15028 
tS) 3567 C Gréen@ sic. sa 13.58 B05 .91 | 11419 14749 
16 3564C Greene........ TORS OM elite tomb Aneommalitez dns 14737 
107 GSMO I IRGNOR Ss wins oa eo & 10.60 8-30) |) 3.69) | 11752 14754 
lef 3981C Ln Ox eee cans 1220S || tt O28 | BOS |) abihoulal 14630 
10 1853M Ratrkesrareacscn al, Sy OFO2 eA Atal 116.515 15116 
10 1979C Piatlcenr rarest NO). 77, Boo | oer || LWP 14857 
19 3534M Parkes pt vdses.6 IS, 7O SO || DAG i LOO) 15036 
Uf 1824M Pike sre eee 10.18 EY Wh iaOXoy | Tass 15193 
i 1881C Pea ae eee ares 8.90 OAL Sree) MACOS 14946 
7 1882C Pikes =sraa hy eure iby? OSS IN sr abv) 14811 
1 2701M Pike ay eae 11229 87 ) SACO) slkoval 14772 
12 2759C Pike hare? 1Onad | HMO | S87 | MilAnoe 14818 
18 3525M Pike peesats.cn oy 12.88 Geel | al 7 || alolexoyt 14728 
18 3801C NFR Sa ge Marcher ee ial aS} 6.93 | 1.64 |) 12031 14856 
1 1410M Scillicvaiaeeeene eee 13225 Oil | al 37) WASKCO) 14857 
1 IL OYAC, Still ater (i, ZO) |) 1B Or PSO |) aloe 15032 
4 7 SIME || Shelby, 3 oa a oe 14.86 Fo 32 \ 2PIBO WA GvA! 14759 
4 1844C Sullivaniern ss 1S2OO WAS 2a eo Olea OSS 14730 
5 SIME Seilbnyevake oan coc 12.14 SO] Be SZ I wWalbule: 14875 
5 1859C SUB c eo oc 1QROS MMOS Sa 4 27 1192 14726 
6 ARIE NSOUIGK EER, ok oo oe 10.45 9.58 | 4.04 \ 11745 14995 
6 soe SHGMGDVERDY. 6 on oa 6 1OSSON 127622124 5S9R iis 14990 
11 1883M*| Sullivan.......- TADS) Se, SO: |) Ae 14764 
11 2087C S\eUllinyaiay. oo 4s oc alee US) AWA aN SE Wl ILS Houih 14934 
8 ISVASINIL || NUSKEXC TS 2 oo cote as ¢ 1026S 12244382 Onl 14984 
8 2037C WSEHONE 5 5 boca OSS MOG sh 7 We TAS) 15042 
9 SESSINL si WateOy Es o ome ane Sh. 133 SeOOn oLOO 1360 14891 
9 1960C MVSREXOY 5 Gd beret 13.53 |) 10°76.) 3.15 | 10948 14759 
9 1973C WEIRK0y,. Bios 0 colon & NAP | AMOESO) Il SEA i aha AMAKs) 14752 
13 SAG TINE MAC Ome ea ccrete 13.43 7.34 | 2.16 | 11448 14642 
ne 3748C IVS ORE eetexccsdiene VD OV || VP OS |) Si AMS I) AURA) 14871 
14 SALOME PNAS Oy eet cane 1SO2 Fe UaleSm2 S ilieloa 3s 14797 
14 Sito © NAWECOY.. ttre Senco ote Wwe | AE XO | Sy aS alae) 14725 
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State | 


OnonPP PwWwNnNNRR 


OnE PBWWNNPRE 


DAUNBWWNHNP LE 


Table CouNTY 
No. 
VAD SIV Wie tric lessee: 
1495C WViaiisn!|C keine 
7 SOMMWiatinck. eee 
1941C WENeREl 5 oge6s 
NAZOINE IDEM GS. stea oe occ 
1347C IDAvasere ects 
1289 Mie Martone see 
1570C Manitone mn 
12 Mil ePollow eee 
1434C IPolicneees eer 
TSS VPA pp AanOOse a .nee 
1437C | Appanoose..... 
ISBOME WIVES. 66565655 
1433C CaS serene at 
(Town) 
1059M | Henryetta..... 
133 CoM lenin eLva mere 
1071M | Hartshorne.... 
1184C Hartshorne.... 
1080M | Edwards...... 
1274C Edwards...... 
tS | Uleb Kea, 5 oe oe 
TAT OCs lehicicea yer 
LARMIC. eleven 6 pao oe 
Z020C maleeanarna senna 
(County) 
TOUS Niemi ray it oncdeaeee 
1097C C@rawitordi ance 
HOM 7M i Crawiordia seer 
1122 Crawiord see 
1037M | Cherokee...... 
1086C Cherokee. ..... 
1473C | Atchison...... 
1411M | Cherokee...... 
ISOS Cherokee...... 
BY ROME | lbstaniye 666 6d ooo « 
2843C d Eraaho layers teeters 3-5 


ANALYSES OF COAL SUnat Coal” 
AS RECEIVED Basis 
B.t. u. — 5000S 
Mois- Sul- 1.00 — 
ture Ash | phur |B. t. u.| (1.08 Ash+”/,. 8.) 
9.28 9.34 | 4.44 | 11799 14806 
DOR | NS OR || Aisa) |] ae 14754 
11528 HATS Ny Syeorss |) TOP 14792 
Poul Sa SOS e479 ae OOse 14547 
Iowa 
al Ssh BVO). Sal Ny | ALAS 14871 
ie EEN MOON Sy sOS) | aw 7 15026 
SOs |) BL G2e || Sal) |) OAS) 14548 
1421 1S 2247 66n | 100L9 14652 
14.42 | 10.99 | 5.89 | 10640 14680 
13-88 | 14.01 "6.15 | 10244 14698 
7 ole 7.07 W400") 10931 14694 
T4085) 102967), 4. 261810723 14650 
18.69 TD AEN BoD || UOSOS 14496 
WE BOE | TCO || Sask) | Owe 14567 
INDIAN TERRITORY 
8.87 S007 ah OZ IE 12096 14848 
TOLD POR OLS nO 2a at 2202 14929 
1.46 6.40 | 1.38 | 14040 15375 
ALAS | TA OO 1 S25 L2 60/4 15129 
2939 10.308" Sasa Zoo 14786 
AOL Ma Sr 6Ss ID Ss9 14918 
6.50 Ci aG7h I} alley 14318 
OEZS Ml Sre2 oe On males 14267 
SEPA) NODS) OS). | SOS) 9110 14264 
Sendhil SOS 1 tS 1s6o2 15897 
KANSAS 
DRO ORS) | aD | ee y/ y 15063 
4.99 | 12'-97-) 4.28 | 12242 15293 
ZEAL |) TON6O We SOS) 13043 ISHS 
ALS i OA WOR 27 I oa? sbSesvalay 
Dy eye OF 87 4 47a 13s40 IS IBS 
NO) | WAS) 50S: || eoore. 15589 
6295, 12519 Ves OAM TOS 15244 
Spa hil 8.90 | 4.34 | 12926 1582 
ALO! 10 E54 ie, al 2895 15412 
LETS L2 OOM 2a ae 2 io) 15011 
POY EN ST oie Ih ei 7/2 || a ee Togs 
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ANALYSES OF COAL “Unit Coal” 
AS RECEIVED Basis 
State} Table CouNTY 
No. No. | B. t. u. — 5000S 
Mois- Sul- 1.00 — 
| ture Ash | phur |B. t. u.| (1.08 Ash+”/,) S.) 

KENTUCKY 
1 132 Mie Bellen ees 2.91 30 crete) || 1S 15280 
1 ASSOME IBEW. 22 35 ob 564 3.42 Su eel) Sy |) lewis: 15491 
1 1474C Bellet oe nee SO 4°39 1.22)) #4148 15397 
1 2445C Bellare ee Sil 740 || WP | Theil 15427 
D 1365M Hop kingwra. 5 78.49 HNO |) S58 |) Wes Ae 14858 
2 1461C Jao. 625 aq0) Pohl OPUS Hh SOP | P00) 14979 
3 NOG/IME || Jeloyolishatsy. oo aoc 7.98 OV S10) I ZESO SIE TIO OS 14748 
5 1506C Op kins eee EF NV NOLO. |) BSS | 202 14944 
4 1382M | Webster....... 4.61 EO |) Seset | Meo 14836 
4 1539C Wrebstensemuca. Sf | iW TH |) ARS Sebo ALTO) 15240 
5 BATOME |) deleyelevn, o oc .55¢ AOD 2229 .48 | 14121 15165 
5 2528C \elewcleha, 6 oo cor 6 4.36 Ba 10) .67 | 13923 15217 
6 ZA0VSM Efohnson as... 6.95 A Os} -48 | 13687 15054 
OO | A5ORC. || |j@anaisorv. 5 5 ob oe 3). WY 2.76 .57 | 13743 14975 
7 2453M | Muhlenberg....| 8.76 9.42 | 4.07 | 11965 14919 
Gi 2595C Muhlenberg....| 8.47 9.48 | 3.60 | 11986 14886 
8 3678M Union@a sac a: 7.46 4.60 .97 | 13489 15443 
8 3860C Winionies. 4 ee 5.46 ADP | Walks | NSP SO 15444 
9 COP =O) Mey 6 ae a ee oe 10.03 WO || PLoS |) AOIKS 14758 
9 SYA aiee | ON eSe) se & Skok. ows 9.89 8.69 | 2.45 | 11927 14872 
9 3865C Ohiomersa 8.70 8.96 | 3.14 | 12078 14922 

MARYLAND 
1 DOS Garrettmeeene ee a47 O55 1 2d | WSS 15936 
al 2274C (Garcetinee ene ao om el omic ena Ole Tes 2i5i5 15942 

MIssourRI 
1 HOAs Mes Pp biateScrasrce ce AOD Tia 2 tion o 4 119.02 15334 
1 1126C Bates anieia.see 8235) 19236) 95). 2 5-1) 10586 15209 
2s 12 OM eMaconie eect 14.74 UTS ISTO | MAES 14705 
2 1348C iMia'conpwe ne TI SOn | 1OR S621 eo 160 101;79 14709 
3 1549C Riatmatne sere. WS, il |) DOS |S 08 8840 14471 
4 1446M | Morgan....... es vet 6.91 | 5.06 | 11605 14855 
4 1516 Camp Vlorgai note ROW ANSSa ole Lomi Syi 15426 
5 2795M | Randolph..... 13.38 |_-40.02 |.4.48 | 11084 14808 
5 | SORE Rvandolp iene: 12-9 FG E1 3.02509 035| 10545 14793 
6 DMM || eeaekol lees oo. TAZ Oi LORZIE EN Sia2 ou latOS0) 14955 
6 2904C IRanGdolphererer {Se SOnide Aa O08 10796 14929 
7 DOOSIN( l INGIERGE: 5 oo eo occ 17.19 9.28 | 2.76 | 10598 14677 
7 DOYS NANCE, 4 oa oe aoe 1GRSOnl LOL SIT Se 5S 9007 14566 
7 2942C INGait ye eetea cate 17 SB Ol=23238) | 27.94 8240 14496 
if 2937C ING EG, 5 A ooo a On NORIO POG INY |] Sil 8946 14626 
HO) || AOAC Oi keveroral oe 2 eco SA | GL Gl |] hres |) MODS 14853 
10 4257C Maconmeee enn liom 2 on ZO RoOn leon 69 9099 14712 
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ANALYSES OF COAL “Unit Coal’ 
AS RECEIVED Basis 
State| Table 
No. No. as! - B. — 5000S 
Mois- Sul- aye 56 
ture Ash | phur |B. t. u.} (1.08 Ash+4),, Se) 
MoNTANA 
if 1298C Carbone ee leo 1 HOO | abr) WOSSo 13727 
Z 4234C Carbonen..0. Sasulel) iso! .60 | 10478 14017 
3 OWA. ml Carbone aariet SEO lomo .54 | 10685 13899 
New Mexico 
1 (1025)M 
(1026)M Mekaniley a. 10.96 4.01 ~52) | 11885 14048 
1 1278C Mckanleyaancce: 12229. 6.99 NOSm neo 14058 
2 1028M | McKinley...... 9.68 SO Sale owe LllO2S 14301 
2 1307C Meckonleyarcee 1ORZO NLS OO eZ O 9907 14398 
3 3221M | Colfax 250 9.13 SO CSOT 15006 
3 3295C Colfax S45) | 1loro7 Ss Ne ldS93 15173 
3) 3307C Coltaxsaraseee ASS One lone arsxey he URS 15220 
3 3308C (Goliaxiie arse OP Uf SA BU Se LOAM Z 166 15141 
4 BOZ SiMe WkColiaxenius seis DR NS ba os Va) SO el OCS 15246 
4 8331 (Coliascinn cuiae cr Die || Wes 57 .61 | 12294 15113 
4 Sil Ie (Coliaschien ei S563 If ksi SM SO 12445 15202 
5 SOPOT | (Coligigan 5 a cous DOS NAP 807) Sy | 1SOSO 15472 
5 3294C Coltascammrae sac DO | KEE SH .69 | 12539 15408 
NortH Dakota 
1 TORI | QBN go aoa c 42 .06 LAOS ils iss 6158 12441 
1 1279C Starla sme 3535 Sion 1 ASS) 6923 12756 
1 2289C Stan aa aie BPO Mill Ze |) Si, bv 6970 12798 
2 730M | Walliamsinn eae AML aS SOO 312 6485 12242 
2 1416C Walliams's =. 32. 36.78 5.09 48 7204 12496 
BR NWSE Walliams. .). 04: 36.13 5.04 .59 7326 12558 
3 1935M | McLean....... 40.53 SOS .76 6644 12325 
3 2243C Mclean. ....5-. 35.96 sy | Test) 7069 12740 
OHIO 
6 (2095M {| Belmont....... 3.99 SLOTS 49 ale lot? 15144 
6m 23926 Belmonte. 5. 5 Sil SoZ eo oon lies 45 1 SS 
11 3986M | Belmont abe ils 7.96 | 4.12 | 13088 15155 
ikil Adio ES elinon teenie ae S044 | U20 944 o2 le 1228771 15049 
1a oe Belmont 4.14 ORS80 | 3690 tesa oi72 
127 4178C Belmont...) 2eo7 OR97T A S105 1 12933 15133 
J) 2090M (Guernsey... «52 6.28 TON SSS |) WAIL 14930 
7 Z656Ce 3 |Guersey ier COSY Wales || Geis | Any) 14984 
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State} Table CouNTY 
No. No. 
TLS OOM Miacksorntun- ae 
| POUMO: | Neve eset, kolo a 
22 | AUSOGNE “| eveletoxns wad ee 
22 LO Cam miacksonerr 
A ONOMe | iietlersonkys .vacr 
45 | ROSSI |p |ssiensovan, on ek 
> | 1944M | Jefferson...... 
| AOOAG, 1 MGSO, 6 a cbc 
Se | AROOOINE PIR oan aon 
Sh eV ROIS ANNs Suan or 
G3 | GABON EYES aNies ae ain a cote 
Sr e5.0 9 Cae se etrvaaerer rer ae 
10 | 3969M | Tuscarawas.... 
10 | 4059C | Tuscarawas.... 
O22 08 Ma NV tot omernererrer. 
DN 2SVOCe HN Vantonmere 2 ee 
9) BSC Wobaworals 65 ao 4c 
10 | 2080M | Allegheny..... 
OMT 2220 Cee |eAlllesibery esa 
13° || 3437M > Allegheny .<-.. 
Too Camp Allech enya 
|| AOI) Cenaaljovoier: 505 oo 
SH E2152 Cae Catalonia vrs 
16 | 4029M-° | Cambria....... 
16 |4169C | Cambria 
18 |4348M |Cambria....... 
Esai O09 Cam Catm brian sera. 
2A A442 Mi avet teen. sac 
Zim 46090 Ce HM avettenan s.r. 
US) PAO | Mavehieyoe Wo pac 
15a 2082 Ce hodianate a... 
U5 4046 | ndianay serey-r 
17 | 4337 nidianas eee 
17. | 4421 nidianiamer rr 
OD) 2016 MS Somenrsetiasctece 
OR P2190 Ce rSome4nrsets sr - 
5 |1966M | Washington.... 
5 |2068C | Washington.... 
11 | 3421M | Washington.... 
11532 Ces | Washington... 
12 | 3441M | Washington.... 
12 |4098C | Washington.... 


ANALYSES OF COAL 


AS RECEIVED 


“UniteCoale 
Basis 


B.t.u. — 5000S 
Mois- Sul- 1.00 — 
ture | Ash | phur/B.t.u.| (1.08 Ash+%/,, S.) 
8.45 Ono neo On 22-4.9) 14647 
ote | Ose |) Zao WSS 14685 
9.38 7.62 | 4.08 | 11898 14590 
ONO Wi S48 AOR | KOS 14758 
4.06 Wnts I Sy O7f | SAY 15152 
5,58 DUA eles Oui 15226 
4.69 CO | e548 ISSR 15060 
4.34 UNO Me HD WAS 15078 
10.78 GG | ab allel AMOS 14563 
COO! |) ai ees | ef aly 14605 
8.92 SSO MES OOn 232.5 14653 
eos) Soda Oa ele 2s 14644 
4.46 ab | Seas i) TERRES 15022 
4.49 Wwe || ATOR || HONS 14938 
6.79 SS |) Oo. 525 | ese 14858 
5.59 BDO lt Sosy | MOV TE 15068 
Se IO) | wal OS i) Si Sy | IMG 14766 
PENNSYLVANIA 

Solos by ey ib esiyl | abeKies 15395 
Pa elovil Oi |) A YO |) TsO? 15475 
DES OS | IE I AGNES 15303 
Poesy || bes, toy || PA. Gy || IO 15507 
3.49 Spada SOS | WAS 16108 
Sheil 6.63 .94 | 14279 16025 
De LAS fe e5al 14144 15876 
AL DS 7.87 iL SO) I -alSiouls 15553 
2.66 8.56 | 2.97 | 13995 16014 
4.46 8.47 | 1.49 | 13682 15903 
Doe, Ou U2 25d 900, 15731 
Sls £55 Hil .86 | 13365 15675 
2.84 S27 Nese ltl 4079 16094 
Sls ORS tase Wels 95 16159 
Rest MN WOLIS | SBOP || AS Ay 16072 
Dime: SAD As SASS Oil 15624 
ASO Lod) 2964 15725 
NSS | UO a) POS. | aes 15963 
SOON eiles3) |) 22045 13424 15945 
33, (0) 4.83 573 LALO7 15499 
2.46 6.05 .88 | 14013 15430 
250 SOAs lee 4 eee 15465 
1.95 1 DEY | AVE NSS | EHS 15320 
2.60 5.63) |) 1.197) 14184 15689 
1.96 ODS |) DMS) | also? 15560 


64 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 21 


Unit Coat VALUES—(Continued) 


ANALYSES OF COAL JUnit Coal 

AS RECEIVED Basis 

te| Table SOUNTY 

ie No | B.t.u, — 50008 
Mois- Sul- 1.00 — 
ture | Ash | phur |B.t.u.| (1.08 Ash+77/, 5S.) 
4 1942M | Westmoreland..| 2.73 Opals |) Shes |) WOU 15629 
4 2187C Westmoreland..| 3.15 | 10.41 | 1.26 | 13406 15714 
6 1968M | Westmoreland..| 4.08 9.50 | 1.64 | 13268 15557 
6 | 2161C Westmoreland..| 3.24 | 12.52 | 1.94 | 12879 15555 
if 1994M | Westmoreland..| 3.30 | 11.18 | 1.79 | 13378 15887 
7 2154C Westmoreland..| 4.09 | 12.47 | 2.08 | 13153 16050 
19 |4352M | Westmoreland..| 2.01 6.32 | 1.39 |) 14152 15579 
19 4489C Westmoreland..| 3.39 SPS On tl Oomleloo 99 15685 
20 |4350M | Westmoreland..| 2.48 OE 3.08 |) Wey 15936 
20 4517C Westmoreland..| 4.00 | 10.54 | 2.85 | 13347 15899 
22 4498C Westmoreland..’ 3.98 ' 10.16 ' 1.00 !' 13311 15693 
TENNESSEE 
1 2907M._ | Claiborne. 5 lke cul bs ZEA TES || SEPA We ae eeKO re 15195 
1 SOUOC mm c@laiborneem srr Ale S| Geil aL Sy |) GL S|) AOS 15180 
2 QOSMN we Canappellee cre Sy (Oyih ee a .83 | 14130 15271 
2, 3129C Carnapbellayeear: 5.09 6.81 .98 | 13295 15222 
3 2O29 Mi in@ ata pelleyasnrer eS 4.13 .93 | 13666 15004 
3 3040C Campbell. 5.38 Uf OS .99 | 13048 15033 
4 DO 56M WoOanes eee ser 3EZ5 6.61 Room OO LA! S12 
4 BOSSC mR Oaneamea eres 6.39 9.53 98 | 12578 15135 
5 2958M | Morgan....... 22S) OL OTe | S2E9On i oSon 15456 
SES O50 C ms \lorcan era 5.59 9.76 | 3.23 | 12841 15445 
6 2977M | Cumberland... .| 3.80 4.50 .78 | 14182 15557 
6 3102C Cumberland... .| 3.89 | 14.43 sfk3 || WAS! 15574 
7 2979M | Fentress.....!. 3.46 9.08 | 2.42 | 12983 15073 
i 31336 Pentress, .3.. 5. 3503) (M2 = 85n oO") t2602 15300 
8 SOOSIMe Whiten cesses SOs LOMO NeoreL on eel MOA 15490 
8 BUDE HAMAS. S ou.c adi o PLO Ml SP Wo Ah SHS) I IB 7/a 15529 
8 S128C IWihaiteme series 63 Wh IZ I) GR ee | eS 15540 
9 2995M |Grundy.......| 3.44 9.21 USS |) EATS) 15292 
9 SUNS Grundy 3.92 | 14.09 .94 | 12508 15510 
9 S14 € SsAoHAC KS oo coco] OOS || We. 98 .74 | 11480 15489 
9 Sill Grundy eee 4.68 9.26 SOS |) ASWAS 15454 
10 3009M Marion... ..... Sy Ole bottle tes ON e203 15825 
11 SAVAUC Cumberland... .} 3.53 | 27.87 .90 | 10264 15514 
TEXAS 

1 1MOGMeN Eloustoneee So, 0) |i sly. 7S .56 7142 13034 
il 1456C OuUStOne eee SOM tiliee2 O) 79 7056 13298 
Z NAIL | AWAOYeYa o Goo ea oe 28.86 7.92 .50 7996 12794 
2 ISOC: \NiGreal, Saccadox Seta rfl PRE 153 7348 12594 
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ANALYSES OF COAL sUnitiCoalk 
AS RECEIVED Basis 
State| Table COUNTY 
No. No. B, t.. un = 50008 

Mois- Sul- ACO = 

ture | Ash | phur |B. t.u.| (1.08 Ash+”/,. S.) 
3 AGSANE |) WGIESGLo ean Sn eo Son On Uf BS SHE Hip 12759 
3 2734C IWGIESRE. Cao oe we 31.06 7.88 .99 7870 13059 
4 BOSS Mie NViOOG a eeen- te ere 36.80 6.25 38) 7101 12598 
4 Pat NIKE. IWiGOC team omen 33.85 30 ul 7497 12885 

UTAH 
S09 CA Carbonten aoe 6.05 | 4.87 | 55) | Siren 14848 
2 3200M Swebaayahne, o ono TAN OV O26 28 |) 10471 S262 
VIRGINIA 
1 D268 Mian ple Ge mineusrceeces oe 5.69 eredll |p Poa TESS 7 15428 
1 2420C MESA tee Pore 4.06 ae HS) WAN | SO 15267 
2 2476C ECT Ue ore 3735 5.58 NO 2 oO Se 15410 
3 2382C WHSG ley accra 3405 4.48 .67 | 14470 15736 
4 DS OS Nv CC en aaa reer 3.89 3.06 .o4 | 14144 15255 
4 23586 OG r baie ters ve A 35 4.33 BD 213939 Toss 
5 4093M | Montgomery...| 2.98 | 21.94 .68 | 11669 15949 
5 4287C Montgomery...| 4.80 | 18.03 .63 | 11961 15825 
5 4294C Montgomery...| 7.52 | 16.23 10D ellisoOs 15900 
6 4305M | Tazewell...... 2),60 4.48 .35 | 14636 15867 
6 Ay AO: Nazewellae. 5.62 9.79 WANN toys! 15880 
3 
W ASHINGTON 

1 2456M | TRG ee ati 7 a7 7.78 .43 | 10006 13604 
1 2687C Aarne -amcbie Mite 16-45 | il 58 61 9938 13920 
1 2686C A eGihialet acs ame ee meine 1S OMe lili .72 | 10208 13930 
2, DASISIML || TRG ORROEIS on oo 0 - Se SL) || NO. soe) | MARE 15059 
2 3098C Keibiitacmeseee SAO) |) WA Aw 38 | 12586 15070 

WesvT VIRGINIA 
6 DME 7OIVLES NE ay ett remenerrs 20 On Oa .75 | 14900 15870 
6 1390C IREWKEWIO ss 6 ad noc the 8} 5.05 .65 | 14807 15944 
7 11OSM eS Ravettek ner. te Dee, $9) .90 | 14915 15895 
fd 15956 ENTCULO> cao oe 3.94 4.93 .16 | 14382 15898 
8 NASAL || WENA bab aoc 1.90 4.87 .64 | 14452 15591 
8 SEC, INE. hoo bac 4.16 aM .90 | 13786 15686 
9 IQOSMeavietterma rin 1.98 Seo POON LAOS 15825 
9 NSOUC. 1 DERMEHS Sy o.0.0 oon 4.08 6.58 thik || OAS Sy ate? 
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Unrr Coat Varuss—(Coniinaed) 


“Unit Coal” 


ANALYSES OF COAL 


AS RECEIVED Basis 
State: Table SQUNTY : = Pe es 
SS No. ay "| ) B. t. wu. — 5000S 
| Mois- | Sul- |_ } 1,00 — 
| ture | Ash | phur |B. tu. | (1,08 Ash + */,. 8.) 


29 | 79 | 14484 | 15734 


{| 
13 1S67TM | Fayette. 0...) 5.48) 2 
33 | 202S8C Fayette... 6.5 3.74 3.91! (89 | 14436 15721 
14 | 1S70M | Fayette. ...... 12.96] 7.44] 1.04 | 13972 | 15741 
24 | 2004C | Fayette. ...... | $.09 | 3.27 |.1.03 | 14110 | 15480 
¥@ | 238M | Fayette. ...... 13.26} 2.46) .78 | 14773. 15733 
¥O9 | 2840C | Fayette. .....,/ 2.96 | 3.01 | .89 | 14425 | 15780 
2 | 203M | Harrison. ..... 2.98) 9.08 | 4.20 | 13466 15432 
2 | 1308C | Harrison. ..... 11.95 | 7.86 | 3.48 | 13790 | 15536 
tS | 2030M | Harrison... ... 12.80] $.S5 | 2.40 | 14205 | 15558 
45 | 229S8C | Harrison. ..... 2.02 | 8.55 | 2.54 | 13811 | 15664 
20 | 237TSM |) Kanawha...... | 2.66} 4.44) 1.14 | 14368 | 15571 
20 | 2586C | Kanawha....../ 2.82 | 8.03 | 1.38 | 13766 15609 
21 | 2377M | Kanawha...... | 3.$7 | 3.62 | 1.14 | 14273 | 15362 
2% | 2s7T2C | Kanawha...... |} 3.87} 4.88 | 1,32 | 13948 | 15346 \ 
22 | 3456M | Kanawha...... 12.75} $.49] .63} 13813 | 15149 
22 |34STM | Kanawha......) 3.491 6.44] .63 / 13813 15449 
22 | 3008C | Kamawha....../ 3.42) 7.82] .83 | 18486 S335 
23 | 3458M / Kanawha...... 13.43 | 3.84] 39 | 13963 15027 
3 | 306SC | Kanawha....../ 2.05 | 8.10 | 1.35 | 13707 | 15420 
23 | 3628C | Kanawha..:... | 3.28 | 7.58 | 2.22 | 13523 | 19317 
25 | 4201M | Kanawha...... 13.91] 7.68} .64] 13471 15199 
25 /4360C | Kanawha...... | 4.21 | 7.22] .64] 13379 | 15229 
WX | 1234M | McDowell... ..) 2.21 | 5.25) .44] 14792 16075 
43- | 1472C | McDowell... .. | 4.07 | 12.12 | .S2} 13509 | 16122 
12 | 1238M | McDowell. .... 12.92] 4.39] .52 | 14926 | 16013 
12 | 1242M | McDowell...... 13.48 | 3.90; 73] 14731 15989 
12 /136aC | McDowell. .... 12.72] 6.87] .68°| 14571 16065 
2 | 210SSM | Marion........ | 1.40 | 6.67 | 1.59 | 14063 15447 
4 |1213C | Marion........ 1.75 | 6.34] .90] 14107 15450 
16 | 2041M | Marion........ |} 2.89] $.72 | .69] 14540 16020 
46 | 2264C | Marion........ | $.S7 | $.37 | 1.20 | 13093 15701 
10 | 1240M | Mercer. ....... | 2.93} 3,62 | .48 | 14924 16039 
40 | 1471C | Mercer. ....... 11.75} 4.588] .56] 18023 | 16125 
18 | 234SM | Mingo......... | 2.81} 6.80] .66 | 13957 15504 
38 | 2527C | Mingo......... | 2.86.| $.83 | .67 | 14106 | 15554 
3 | 120SM | Monongalia....) 2.90 | 8.99} .75 | 13941 | 15829 
3 |1252C | Monongalia....| 2.29 | 10.23 | 1.06 | 13558 | 15689 
@ | 1216M | Preston. ...... } 2.26] 7.74] .85 | 13999 | 15697 
4 |20S4M | Preston. ...... 13.57 | 6.21] .85 | 14218 15882 
4 |1262C | Preston. ...... 11.48] 8.39] .90 | 14069 | 15764 
4 | 22S80C | Preston....... | 3.91 | 10.11 | 1.07 | 13370 | 15744 
17 | 2056M | Preston. ......| 3.22 | 7.33] 1.73 | 13995 15822 
ay |2332C | Preston....... 3.46 | 8.12 | 1.45 | 13869 15861 
S | 2144M | Randolph. ..... | 2.82 | 10.48 , 1,00 13475 15731 
$ |1297C | Randolph..... | 1.45 | 10.10) 98 | 13718 | 15693 
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Unit Coat VALUES—(Concluded) 


ANALYSES OF COAL “Unit Coal” 
| AS RECEIVED Basis 
State| Table COUNTY 
No. No. B.t.u. — 5000S 
Mois- Sul- 1.00 — 
ture Ash | phur |B. t. u.| (1.08 Ash +2/,, S.) 
WYOMING 
1 1368M | Sheridan...... De (OO, 3) ei .60 9796 13192 
1479C Sheridan’... ... 22.03 Al IO) 59 9734 13444 
2 13,76M | Weston... 42.) 3i..60! |) 21790) | 4.94 9709 14550 
VESIAKE: NVEStOnmismenrse ) AYN IO) Pe | So Oil 9650 14320 
213 1G Westonu. . 2a 8.93 | 20.79 | 4.03: | 10001 14757 
S sokrowil \Orxoyalie, no oan o 6 Vet Pee Mil Spiel) 7. OS 9527 13918 
2278C Crook ack oe 1 PSin ile Onr7 OnlOnOo) 8928 13604 
4 SioOOMe Garbo. cian WE 5.19 ome lialO2 13534 
3363C Garbontee eae iMah G8) 1 soil 28, \ 10755 13316 
3396C Carchonraie cri: 12.40 (0), 04 .26 | 10706 13341 
5 3164M Sweetwater... ./12.41 252 .80 | 11920 14071 
SAU E: Sweetwater... ./11.64 3.41 .81 | 11768 13923 
6 C2O2 Mi MW tavern catiae IO). SY 268 Sal |) Oy si7 13383 
3390C ALAIN Gelman Cake 19.00 $5177 .49 | 10307 13293 
ALASKA 
DUNG OTe a an ves (WOR Oe erie ee 4.43 4.65 OL COLO 15083 
DAR Shes SIR nichts veins Mohs cee 13.89 Wee Phss ey NAPA 15537 
DIE Nes Bee oP ta hil | Ait AMY Pa aa Mert Ore HAS 4) aA -44 | 11968 15017 
DLDOIOREN ss dn ed chee ck | PLATES REA TREN ERRORS PB 5) 6.05 oye || aLSyialal 15101 
2224 | Se nia ea teite, oc eee ae 6.60 | 10.87 “41 1°11338 13898 
DERE | AE a eM R Lema tee ine et ee .90 4.90 .60 | 14868 15873 


ARGENTINA, SOUTH AMERICA 


AFD Cleaves aetrcllonsgerscs. cosxe is Sxereler IS 7eGHle42e come de2n632.0 | 13792 
BRAZIL, SOUTH AMERICA 

> IES peace Dena GoYln aig Oris oOo Die aor OZ O02 8 14398 

173) | dite Soret ates | DAY CORI «oa yallaa coos | Die SAE OS 9830 14241 


PUBLICATIONS OF THE HNGINEERING EXPERIMENT STATION 


Bulletin No. 1. Tests of Reinforced Concrete Beams, by Arthur N. Talbot. 1904. (Out 
of print). 

Circular No. 1. High-Speed Tool Steels, by L. P. Breckenridge. 1905. (Out of print). 

Bulletin No. 2. Tests of High-Speed Tool Steels on Cast Iron, by L. P. Breckenridge and 
Henry B. Dirks. 1905. (Out of print). 

Circular No. 2. Drainage of Earth Roads, by Ira O. Baker. 1906. ( Out of print). 

Circular No. 8. Fuel Tests with Illinois Coal. (Compiled from tests made by the Tech- 
nologic Branch of the U.S .G.S., at the St. Louis, Mo., Fuel Testing Plant, 1904-1907, by L. 122) 
Breckenridge and Paul Diserens. 1909. 

Bulletin No. 3. The Engineering Experiment Station of the University of Illinois, by 
L. P. Breckenridge. 1906. (Out of print). 

Bulletin No. 4. Tests of Reinforced Concrete Beams, Series of 1905, by Arthur N. Talbot. 
1906. 

Bulletin No. 5. Resistance of Tubes to Collapse, by Albert P. Carman. 1906. (Out of 
print). 

Bulletin No. 6. Holding Power of Railroad Spikes, by Roy I, Webber. 1906. (Out of print). 

Bulletin No. 7. Fuel Tests with Illinois Coals, by L. P. Breckenridge, S. W. Parr, and 
Henry B. Dirks. 1906. 

Bulletin No. 8. Tests of Concrete: I. Shear; II. Bond, by Arthur N. Talbot. 1906. (Out 
of print). 

Bulletin No. 9. An Extension of the Dewey Decimal System of Classification Applied to 
the Engineering Industries, by L. P. Breckenridge and G. A. Goodenough. 1906. (Out of print). 

Bulletin No. 10. Tests of Concrete and Reinforced Concrete Columns, Series of 1906, by 
Arthur N. Talbot. 1907. (Out of print). 

Bulletin No. 11. The Effect of Scale on the Transmission of Heat through Locomotive 
Boiler Tubes, by Edward C. Schmidt and John M. Snodgrass. 1907. (Out of print). 

Bulletin No. 12. Tests of Reinforced Concrete T-beams, Series of 1906, by Arthur N, 
Talbot. 1907. (Out of print). 

Bulletin No. 13. An Extension of the Dewey Decimal System of Classification Applied to 
Architecture and Building, by N. Olifford Ricker. 1907. 

Bulletin No. 14. Tests of Reinforced Concrete Beams, Series of 1906, by Arthur N. 
Talbot. 1907. (Out of print). 

Bulletin No. 15. How to Burn Illinois Coal without Smoke, by L. P. Breckenridge. 1908 

Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker. 1908. 

Bulletin No. 17. The Weathering of Coal, by S. W. Parr, N. D. Hamilton, and W.F. 
Wheeler. 1908. (Out of print). 

Bulletin No. 18. The Strength of Chain Links, by G. A. Goodenough and L. E. Moore. 1908. 

Bulletin No. 19. Comparative Tests of Carbon, Metallized Carbon and Tantalum Filament 
Lamps, by T. H. Amrine. 1908. (Out of print). 

Bulletin No. 20. Tests of Concrete and Reinforced Concrete Columns, Series of 1907, by 


Arthur N. Talbot. 1908. (Out of print). 
Bulletin No. 21. Tests of a Liquid Air Plant, by C. S. Hudson and O. M. Garland. 1908. 


Bulletin No. 22. Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Aithur N. 
Talbot. 1908. 

Bulletin No. 23. Voids, Settlement and Weight of Crushed Stone, by Ira O. Baker. 1908. 

Bulletin No. 24. The Modification of linois Coal by Low Temperature Distillation, by 
S. W. Parr and C. K. Francis. 1908. 

Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H. Amrine. 1908. 

Bulletin No. 26. High Steam-Pressures in Locomotive Service. A Review ofa Report to the 
Carnegie Institution of Washington. By W. F. M. Goss. 1908. 

Bulletin No. 27. Tests of Brick Columns and Terra Cotta Block Columns, by Arthur N 
Talbot and Duff A. Abrams. 1909. ; 


res Bulletin No. 28. A Test of Three Large Reinforced Concrete Beams, by Arthur N. Talbot. 


Bulletin No, 29. Tests of Reinforced Concrete Beams: Resistance to Web Stresses, by 
Arthur N. Talbot, 1909. 

Bulletin No. 30. On the Rate of Formation of Carbon Monoxide in Gas Producers, by J. K. 
Clement, L. H. Adams and CO. N. Haskins. 1909. 

Bulletin No. 51. Fuel Tests with House-heating Boilers, by J. M. Snodgrass. 1909. 

Bulletin No. 32. Occluded Gases in Coal, by S. W. Parr and Perry Barker. 1909. 

Bulletin No. 33. Tests of Tungsten Lamps, by T. H. Amrine.and A. Guell. 1909. 

Bulletin No. 34- Tests of Two Types of Tile Roof Furnaces under a Water-tube Boiler, by 
J.M. Snodgrass. 1909. 

Bulletin No. 35. A Study of Base and Bearing Plates for Columns and Beams, by 
N. Clifford Ricker. 1909 

Bulletin No. 86. The Thermal Conductivity of Fire Clay at High Temperetures, by J. K. 
Clement and W. L. Egy. 1909. 

Bulletin No. 37. Unit Coal and the Composition of Coal Ash, by S. W. Parr and W. F 
Wheeler. 1909. 


